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ABSTRACT OF THE DISCLOSURE 

A method is provided for combatting phytopathogenic 
fungi. The method comprises applying to an area of a 20 
substrate infested with fungi either (1) a halogenated 
acylamino-1,4-benzoquinone of the formula 

ll 25 
NH—CO——R13 

Xi 

H 
O 30 

wherein X1 is chlorine, bromine or fluorine and 
R13—CO— is one of several speci?ed acylamino groups, 
or (2) a halogenated acylamino-1,4-benzoquinone of the 
formula 35 

O 
I 

Y1— —NH—C 0-1114 

l 
0 

wherein 
X1 is chlorine, bromine, or ?uorine, 
each of Y1 and Y2 is bromine or chlorine and 
R14—CO— is one of several speci?ed acylamino groups. 

45 

This application is a continuation of application Ser. 
No. 394,373, ?led Aug. 10, 1964, now abandoned, which 
application is a division of application Ser. No. 338,006, 
?led Jan. 17, 1964, which application is in turn a con 
tinuation-in-part of application Ser. No. 252,591, now 
U.S. Pat. No. 3,232,932. 
The present invention relates to a novel process for 

the production of dioxazines, as well as to novel products 
which comprise intermediates, fungicides, and pigments 
obtainable by said process. 

Dioxazines, which have been used primarily as pig 
ments, have been produced on an industrial scale from 
chloranil which is converted, for instance, to 2,5-dichlo 
ro-3,6-diamino-p-benzoquinone (I. A. Chem. Soc., 57, 
1847 (1935)) and by acylation with an acylating agent 
such as acetic anhydride to the corresponding acylamino 
derivative; the latter is then further condensed and then 
eyclized with an aromatic amine, whereby the corre 
sponding dioxazine is obtained. The known processes 
suffer from the drawbacks of relatively low overall 
yields, which are due to losses particularly in the initial 
stages of the process, and of relatively limited applica 
bility with regard to the aforesaid acylation step; for in 
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stance, acylation with benzoic acid anhydride or chloride 
does not lead to industrially satisfactory results. 

It is, therefore, an object of the present invention to 
provide a novel process for the production of dioxazines 
which affords higher yields and Wider applicability than 
the known processes. 

It is another object of the invention to provide novel 
intermediates in the production of dioxazines, partic 
ularly for the production of novel intermediates which 
are fungicides, and for the production of novel pigments, 
obtainable by said novel process. 

These objects are attained by the process according to 
the invention, as illustrated in the ?owsheet below, which 
process for the production of dioxazines comprises the 
following steps: 

(a) Mixing and heating at from about 30° to 250° C. 
a readily available starting compound of the formulae 

(Ia) (I) R (lb) (|)R 
—NH-A oyl —NHz 

, or , or 

Acyl~NH— Q_ 

0 R R 

(I0) (I) R 

—NHz 

H zN-— 

| 
O R 

wherein 

R is a lower alkyl, a benzyl or a phenyl radical, 
Q is chlorine, bromine, or ?uorine, a phenoxy or a lower 

alkoxy radical, and 
Acyl is an unsubstituted alkanoic acyl radical, a chloro 

alkanoic acyl radical, a bromo-alkanoic acyl radical, 
an alkoxy-alkanoic acyl radical, a cyclo-alkanoic acyl 

radical, an aralkanoic acyl radical, a benzoic acyl radi 
cal, a naphthoic acyl radical, or an alkoxy carbonyl 
radical, 

with an acylating agent which is either a compound of 
the formula 

Acyl 

/ 
Acyl 

or a compound of the formula acyl-Y wherein 
Acyl has the above-given meaning, and 
Y is chlorine or bromine, 
and separating the resulting compound of the formula 

(I)R 

OR (II) 

wherein 
X is a phenoxy, or lower alkoxy radical, —NH-Acyl, 

chlorine, bromine and ?uorine, depending on the 
nature of the starting material, and 

R and Acyl have the aforesaid meanings, 
from the reaction mixture. 

Step (a) is suitably carried out in an inert organic 
solvent, preferably an unsubstituted or halogenated aro 
matic hydrocarbon. 
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When step (a) is carried out with a mixture of a com 
pound of the formula Acyl-Y, an acid binding agent is 
used ‘which is preferably an alkali metal acetate or an 
alkaline earth metal oxide, carbonate and hydroxide. 
More particularly, the intermediate compounds of 

Formula II can contain the following groups: as alkoxy 
substituents, methoxy, ethoxy, propoxy or butoxy groups; 
as aralkoxy substituents, benzyloxy groups; as phenoxy 
substituents, phenoxy groups which may be substituted 
in the nucleus such as phenoxy, methyl or halogeno 
phenoxy groups. 

Advantageously an acylamino - 1,4 - dialkoxybenzene 
having lower alkoxy groups is used as intermediate II, 
particularly a dimethoxy- or diethoxy-acylaminobenzene 
compound. 

Preferred intermediates II are 2,5-diacylamino-1,4-di 
alkoxybenzenes and Z-acylamino-S-halogen-l,4-dialkoxy 
benzenes. “Halogen” therein means, for example, bro 
mine, ?uorine or particularly chlorine. The acyl radical 
of the acylamino groups is derived, for example, from 
aliphatic carboxylic acids, more particularly unsubsti 
tuted alkanoic acids, preferably of not more than 18 car 
bon atoms, such as formic acid, acetic acid, propionic 
acid, butyric acid, valeric acid, caproic acid, caprylic 
acid, caprinic acid, lauric acid, palmic acid or stearic acid, 
chloro- or bromo-substituted alkanoic acids of preferably 
not more than 4 carbon atoms, e.g., chloro- or bromo 
acetic acid, oc- or B-chloropropionic acid or (X- or p-br0 
'mopropionic acid, alkoxy-substituted alkanoic acids in 
which alkoxy is preferably of 1 to 4 carbon atoms and 
the total number of carbon atoms of which does pref 
erably not exceed 10 carbon atoms, methoxy~ or ethoxy 
acetic acid, from aminoalkanoic acids which may be N-, 
preferably lower alkyl or N-aryl-substituted, and the total 
number of carbon atoms of which does preferably not 
exceed 10 carbon atoms, aminoacetic acid, a- or ?-amino 
propionic acid, or N-phenyl-amino acetic acid, from an 
alkenoic acid of preferably not more than 5 carbon atoms, 
acrylic or methacrylic acid or from cycloalkanoic acids 
such as cyclohexane carboxylic acid, from aralkanoic 
acid, from aralkanoic and aralkenoic acids of preferably 
not more than 10 carbon atoms each, such as phenyl 
acetic acid, 00- or ?-phenylpropionic acid, a-phenylacrylic 
acid or cinnamic acid, from aromatic carbocyclic car 
boxylic acids ‘with preferably not more than 12 carbon 
atoms, such as benzoic acid, methyl-, chloro-, methoxy 
or nitrobenzoic acids, 11- or ?-naphthoic acid, from aro 
matic heterocyclic carboxylic acids having preferably not 
more than 8 carbon atoms and nitrogen as hetero atom 
such as pyridine carboxylic acids: as an alkoxycarbonyl 
radical with preferably not more than 8, and most advan 
tageously from 4 to 6 carbon atoms, derived from mono 
esters of carbonic acid with alkanols or with polyalkylene 
glycol monoalkyl ethers, as a carbamyl radical with pref 
erably not more than 9 carbon atoms, derived from 
carbamic or thiocarbamic acids such as methyl-, ethyl 
or phenyl- or carbamic acid, or, as an alkyl sulfonyl or 
aryl sulfonyl radical with preferably not more than 10 
carbon atoms, derived from organic sulfonic acids such 
as methane-, ethane, benzene- or p-toluene-sulfonic acid 
or from cyclic carboxylic acids such as cyanuric acid or 
derivatives thereof, preferably 2,4-di- or 2,4,6—trichloro 
s-triazine, 2,4,5,6-tetrachloro pyrimidine, or 2,3-dichloro 
quinoxaline. 
The aforesaid intermediates II are obtained, for ex 

ample, by acylating the corresponding amino-1,4-dialkyl 
oxybenzene compounds with suitable acylating agents 
such as, e.g. with the halides or anhydride of organic 
carboxylic acids, the halides of carbonic acid monoesters 
as well as the halides of organic sulfonic acids or with 
the halides of cyclic carbonic acid imides or with inner 
anhydrides such as ketones or isocyanates. 

(b) Mixing the recovered compound of Formula II in 
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a liquid medium inert to oxidation with nitric acid hav- - 
ing a strength of at least 0.5-normal, at a temperature of 75 

4 , 
about 10° to 100° C., thereby oxidizing the last~men 
tioned compound to the corresponding one of the. formula 

wherein Acyl and X have the aforesaid meanings, and 
seperating the latter compound from the reaction mixture. 

It is very surprising that this treatment, which can be 
effected successfully even with nitric acid of high concen~ 
tration such as fuming nitric acid, affords an excellent 
oxidation with high yields of products of Formula III in 
which even highly susceptible radicals —-NH-acyl are. 
left intact. It becomes thus possible to subject compounds 
of Formula II with a large variety of substituents to this 
treatment of step (b), among which there are the 'benzoyl 
and other interesting radicals, leading to intermediates of 
Formula III which are themselves, or can, in turn, be‘, 
converted by the next following step (c) to compounds 
which are surprisingly useful as fungicides. 

It is especially surprising that, with the preferred oxi- - 
dizing agent, nitric acid, the oxidation proceeds so easily 
with replacement of the ether groups by carbonyl oxy- - 
gen ‘without saponi?cation of the acylamino groups and 1 
also that no other great changes are caused. The easy 
formation of 2,5-bis-acylamino-1,4-benzoquinones from 
2,5-bis-acylamino-1,4-dialkoxy, -aralkoxy- and -phenoxy- ~ 
benzenes is also surprising in view of the papers‘ by 
'Roger'Adams and coworkers (see, e.g., J. Am. Ch. ‘Soc. 
72 (1950) pp. 4601, 5154), who have shown by‘many 
examples that in the oxidation of p-bis-acylamido-ben- I 
zenes and p-bis-sulfamido-benzenes, the corresponding 
p-quinone acylimides ‘or p-quinone sul?mides are formed 
which are capable of various addition reactions. . 

In some cases it is also possible to perform the oxida- ‘ 
tion and halogenation in one step by oxidizing in the 
presence of halogen hydracids such as hydrochloric or 
hydrobromic acids. 

Both the above-described oxidation to form quinones 
and the subsequent halogenation thereof are advanta 
geously performed in the presence of an inert organic 
solvent, and this independently of whether these two op-' 
erati'ons are performed in one or two steps. Suitable sol 
vents are, for example, glacial acetic acid or aliphatic 
or aromatic hydrocarbons which may be halogenated such‘ 
as chloroform, carbon tetrachloride, tetrachloroethane, 
chlorobenzenes or nitrobenzene. 

‘ Acylamino-1,4-benzoquinone compounds of the most 
various types are obtained by this step of the process 
according to the invention. Thus it is also possible to 
produce 2,5-diacylamino-1,4-benzoquinones the acyl radi 
cals of which are unsymmetrically substituted.‘ 
The strength of the nitric acid used as oxidizing agent 

in this step (b) ranges preferably from 8-normal HNO3 
to fuming nitric acid, with l0-normal HNO3~being most 
preferred. 3 to 4 moles of nitric acid are preferably used 
per mole of compound of Formula 11.; 

Very satisfactory results are obtained, with almost 
theoretical yield rates, when using the last-mentioned 
nitric acid, glacial acetic ‘acid as the solvent in‘ step (b) 
and maintaining a temperature of about 20 to 50° C. 
during this treatment. 

(0) Mixing the aforesaid compound of FormulaIII 
in a solvent inert to halogenation,‘ with a halogenating 
agent, which is preferably elementary bromine or chlo 
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rine, at about 0° to 200° C., thereby halogenating the 
compound of Formula III to a compound of the formula 

0 
ll 

—NH-Acy1 

Y 

(Ii (IV) 
wherein Acyl and X have the aforesaid meanings and Y 
represents chlorine or bromine, and, preferably, separat 
ing the latter compound from the reaction mixture. 

Preferably, this step (c) is carried out with bromine 
as halogenating agent in an inert solvent such as chloro 
form, dichlorobenzene or glacial acetic acid. 

(d) Mixing the aforesaid compound of Formula IV in 
an inert organic solvent having a boiling point of at 
least 70° C., and preferably above 140° C., such as a 
tri-lower alkyl amine-and preferably in tri-isopropyl 
amine to obtain optimal results-with at least two moles 
of an aromatic amine, at least part of the aromatic nu 
cleus of which consists of a benzene ring substituted (1) 
with one —NH2 group and (2) in one ortho-position 
thereto with a su-bstituent which is either lower alkoxy, 
cycloalkoxy, mononuclear carbocyclic aralkoxy, carbo 
cyclic aryloxy or carbocyclic arylthio; and an acid bind 
ing agent, such as an alkali metal acetate or magnesium 
oxide or hydroxide, and heating at least during the ?nal 
phase of the ensuing reaction at a temperature of about 
140° to 300° C., and maintaining, at least throughout 
said ?nal phase of said ensuing reaction, a weakly acid 
medium, thereby obtaining a dioxazine of the formula 

wherein 

Acyl and X have the aforesaid meanings, and 
Ar represents the radical of said aromatic amine the hen 

zene ring of which is condensed with the quinone ring 
of said compound of Formula IV under removal of 
the aforesaid substituent Z; 

and recovering the dioxazine of Formula V from the re 
action mixture. 
The aromatic nucleaus of the aromatic amine used in 

step (d) is in particular one of the nuclei 

~ 0 (l0 
substituted in the manner de?ned above. 

Step ((1) is preferably carried out at a temperature of 
about 150° to 260° C. in a halogenated aromatic solvent 
such as dichlorobenzene, tri-chlorobenzene, nitrobenzene 
and chloronaphthalene, and the reaction medium of step 
(d) is maintained 1weakly acid ‘by addition thereto of a 
buffering agent, preferably sodium acetate. 
The condensation of the compound of Formula IV in 

step (d) with the aromatic amine, and the cyclization of 
the resulting condensate to the corresponding dioxazine 
can ‘be carried out in two phases, or, preferably, in a single 
step. 

In the latter case, the compound of the Formula ‘IV is 
mixed directly with at least 2 moles of the aforesaid 
aromatic amine, at least part of the aromatic nucleus of 
which consists of a benzene ring substituted with one 
—NH2 group and wherein at least one of the two ortho 
positions to said -—NH2 is occupied by hydrogen while 
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6 
the other ortho-position is free from a substituent con 
densable with a quinonic oxygen atom of the compound 
of Formula IV; an acid binding agent and a mild oxi— 
dizing agent, and heating at a temperature of about 140° 
C. to 300° C. and maintaining throughout the ensuing 
reaction a weakly acid medium. 
The process for the production of dioxazines, accord 

ing to the invention, offers several important advantages, 
among which is particularly easy accessibility of the 
starting materials of Formulas Ia, Ib and Is, which are 
either commercially available materials, or can be easily 
produced from the latter at low cost and with excellent 
yields; a great variety of hitherto unsuitable substituents 
can now ‘be introduced into the intermediates of Formu 
las III and IV, and consequently into the ?nal dioxa 
zines; the overall yield of the process according to the 
invention is very good, being above 95%, calculated on 
the amount of starting material of Formula I, for the 
product of step (b), about 85% and higher for the prod 
uct of step (c) and still above 50% and as high as 70% 
and even better for the ?nal dioxazine. 

In contrast thereto, we have found that the comparable 
stage of the prior art processes leading to products falling 
under the Formula IV affords yield rates in the order of 
45%, calculated on the amount of chloranil ‘used as start 
ing material. 
A further important advantage of the process accord 

ing to the invention resides in the much shorter time re 
quired for carrying it out in practice. Thus, Iwhere the 
prior art processes require, for instance, 6 hours to ob 
tain dioxazine from chloranil, the instant process requires 
only about 1 hour. 
Another aspect of the present invention concerns novel 

acylamino-1,4-benzoquinone intermediates in the produc 
tion of dioxazines in the above-described process. 
Known acylamino-1,4-benzoquinones which have been 

used as intermediates in the production of dioxazine dye 
stuffs, are 2,5-diacetylamino- and 2,5-dibenzo'ylamino 
1,4-benzoquinone and also 2,5-diacetylamino- or 2,5-di— 
propionyl-amino-3,6-dichloro-1,4-benzoquinone. The ?rst 
quinone mentioned is obtained by oxidizing 2,5-diacetyl 
aminophenol with sodium bichromate, and 2,5-dibenzo 
ylaminobenzoquinone, 2,5-diacetylamino- or 2,5-dipro 
pionylamino - 3,6-dichloro-1,4-benzoquinone are obtained 
by reacting 2,5 - diamino - 1,4 - benzoquinone or 2,5 - di 
amino-3,6-dichloro-1,4-benzoquinone with benzoyl chlo 
ride or acetic acid anhydride or propionic acid anhydride 
respectively. Thus, they have been produced from start 
ing materials which in themselves are not easily accessi 
ble, and with only moderate yields of acylamino com 
pounds. 
The novel acylamino-1,4-benzoquinones are distin 

guished from the last-described known compounds by 
their structure which is comprised by Formula III or 
Formula IV. Of particular interest as important inter 
mediates are the compounds of the formula 

0 
H 

X‘ UNH-OO-Ra 
(Ii (VI) 

wherein X1 is a member selected from the group consist 
ing of chlorine, bromine and ?uorine, and R3 is a mem 
ber selected from the group consisting of a chloro-substi 
tuted and a bromo-substituted alkanoic acyl radical each 
with maximally 4 carbon atoms, an alkoxy-substituted 
alkanoic acyl radical with a total of maximally 10 carbon 
atoms, and wherein alkoxy has maximally 4 carbon 
atoms; an N-unsubstituted, an N-lower alkyl-substituted 
and an N-phenyl-substituted amino alkanoic acyl radical, 
each of which has a total of maximally 10 carbon atoms, 
an alkenoic acyl radical with maximally 5 carbon atoms, a 
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cyclohexane carboxylic acyl radical, an aralkanoic radi 
cal with maximally 10 carbon atoms, an aromatic carbo 
cyclic hydrocrbon carboxylic acyl radical with maximally 
12 carbon atoms, which compounds are obtained by step 
(b) from the corresponding starting material of Formula 
Ib. 

Oxidation and halogenation of compounds of Formula 
Ib according to steps (b) and (c) of the above-described 
process produces, among others, compounds of formula 

X1 Y 

(H) (VII) 
wherein X1 is a member selected from the group consist~ 
ing of chlorine, bromine and ?uorine, Y is a member 
selected from the group consisting of chlorine, and bro 
mine, and R3" is a member selected from the group con 
sisting of a chloro-substituted and a bromo-substituted 
alkanoic acyl radical each with maximally 4 carbon 
atoms, an alkoxy-substituted alkanoic acyl radical with a 
total of maximally 10 carbon atoms, and wherein alkoxy 
has maximally 4 carbon atoms; an N-unsubstituted, an 
N-lower alkyl-substituted and an N-phenyl-substituted 
amino alkanoic acyl radical, each of which has a total of 
maximally 10 carbon atoms. 
From among the compounds falling under Formulas 

VI and VII and structurally closely related compounds 
obtainable in the same manner, the production of which 
conforms to the methods by which the compounds of the 
last-mentioned formulas are produced, those of the 
formulas 

o 0 
II II 

‘ I NH-—CO—Rm Yi?NH-cO-RH 
c1 \/ , 01 Y: 

n Y 
0 o 

(VII-A) (VII-B) 

and 
0 
ll 

Yr-(TNIL-C O——R12 
Cl Y4 

| 
o 

(vrr-o) 

wherein 

each of Y1 and Y2 represents a member selected from the 
group consisting of bromine and chlorine, 

each of Y3 and Y; represents a member selected from 
the group consisting of 

hydrogen, chlorine and bromine, and 
R10CO—, in Formula VII-A, represents a member se 

lected from the group consisting of unsubstituted alka 
noic acyl of from 3 to 10 carbon atoms, 

mono to tri-chloro-, mono- to tri-bromo- and mono- to 
tri-?uorosubstituted alkanoic acyl of from 2 to 19 car 
bon atoms, 

phenyl-carbonyl, 
chloro-phenyl carbonyl. 

It is particularly surprising that the compounds of 
Formulas VII—A/C which are characterized by a chlo 
rine atom in 2-position at the benzoquinone nucleus are 
distinguished from the corresponding similarly substi 
tuted 2-bromo-benzoquinones by much stronger fungi 
cidal activity against a much greater number of the afore 
said species. Thus, the known 2,3,6-tri-bromo-5-acetyl 
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8 
amino-1,4-benzoquinone shows only signi?cantv activity 
against two of the above-enumerated strains, namely 
against Botzzytis cinerea and against Clasterosporium 0., 
while 2-chloro - 3,6 - dibromo-S-acetylamino-l,4—benzo 
quinone is ten times more active against these two fungi 
and is moreover also very active against the six remaining 
species against which the aforesaid known compound 
fails to show fungicidal activity of practical signi?cance. 

Other 2 - bromo derivatives such as 5 - chloroacetyl 
amino-Z-bromo- and 5-chloroacetylamino-2,3,6-tribromo 
1,4-benzoquinone show no practically signi?cant activity 
against any of the aforesaid eight species, while the cor 
responding Z-chloro analogs show good to very good 
activity against 5 to 8 of these species. 
The present invention therefore concerns, in another‘ 

aspect, fungicidal 2-chlorinated 5~acylamino-1,4-benzo 
quinones as well as compositions containing the same as 
active ingredients, and also the use of halogenated acyl 
amino-1,4-benzoquinones and of compositions containing 1 
the same in a method for controlling phytopathogenic 
fungi. 

In a further aspect the present invention concerns 
new fungicidal agents which contain 2-halogenated 5 
acylamino-l,4-benzoquinones falling under Formulas VI 
and VII as active ingredients, processes for the produc 
tion of these agents as well as the method of combatting . 
phytopathogenic fungi of the Botrytis and Clasterospor 
ium type using such active ingredients or agents which 
contain these active ingredients. 

Details concerning these aspects of the invention are 
given further below. 

Oxidation in accordance with step (b) of the process 
according to the invention produces, among others, par 
ticularly interesting compounds of the formula 

0 
II 

NH-Ac; 

ACz-HN 

|| 
0 

wherein each of A02 and Aca is, independently, a member 
selected from the group consisting of a chloro-alkanoic 
acyl radical with maximally 4 carbon atoms, a bromalk- ‘ 
anoic acyl radical with maximally 4 carbon atoms, an 
alkoxy-alkanoic acyl radical with maximally 10 carbon 
atoms, a cycloalkanoic acyl radical with 6—7 carbon‘ 
atoms, an aralkanoic acyl radical with maximally .10 
carbon atoms, a naphthoic acyl radical with maximally 
12 carbon atoms, a pyridinocarboxylic acyl, anda low 
er alkoxy carbonyl radical preferably from the corre-» 
sponding starting compounds of Formula Ia, when Acz I 
and AC3 in Formula VIII are to represent different radi 
cals, and from starting compounds of Formula Ic when 
compounds of Formula VIII are desired in which Acz 
and Ac;; are identical. 

Halogenation of the intermediates of Formula VIII in 
accordance with step (c) of the above-described process 
leads to the formation of halogenated products, of which 
these of the formula 

0 
II 

wherein 

Y1 is a member selected from the group consisting of» 
chlorine and bromine, and 

each of R3 and R4 is, independently, a member selected 
from the group consisting of a mononuclear carbo 
cyclic aralkanoic acyl radical of maximally 10 car 
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bon atoms and an aromatic carbocyclic hydrocarbon 
carboxylic acyl radical with maximally 12 carbon 
atoms, 

are of special interest as intermediates for dioxazines 
which are excellent pigments. 

Particularly interesting as intermediates are those of 
the above Formula IX in which Y1 is bromine. 

Further details concerning the above aspect of the in 
vention can be seen from the following non-limitative 
examples. Where not otherwise stated, parts are given as 
parts by weight. The temperatures are in degrees centi 
grade. The relationship of parts by weight to parts by 
volume is as that of grams to cubic centimeters. The 
melting points were determined in a metal block and are 
not corrected. 

EXAMPLE 1 

2,5 -di- (4'-chlorobenzoylamino)-1,4-benzoquinone 
47.33 parts of 2,5-di-(4'-chlorobenzoylamino)-1,4-di 

ethoxybenzene are suspended in 300 parts of glacial ace 
tic acid. A mixture of 40 parts of 63% nitric acid and 
40 parts of glacial acetic acid is poured into this suspen 
sion while stirring well. The mixture is stirred for 15 min 
utes at 40—50° and then cooled to 10°. The yellow 2,5 

10 
di-(4'-chlorobenzoylamino)-1,4-benzoquinone which pre 
cipitates in a very pure form is ?ltered o?. To further 
purify, it is recrystallised from 1,2-dichlorobenzene or 
from glacial acetic acid. 

M.P.: >320" (under decomposition); the yield is 96% 
of the theoretical. 

The 2,5-di-(4’-chlorobenzoylamino)-1,4-diethoxyben 
zene used as starting material is produced by reaction of 
1 mol of 2,5-diamino-1,4-diethoxybenzene with 2 mols of 

10 4-chlorobenzoyl chloride. 
Other 2,5-diacylamino-1,4-benzoquinones characterised 

by their melting points are produced in the yields given 
if, instead of 2,5-di-(4’-chlorobenzoylamino)-l,4-di 
ethoxy-benzene, compounds of the formula 

I 
O C2115 

are used wherein X has the meaning given in column 
II of Table I, and otherwise the procedure described in 
the example is followed. 

Example N0. 
2 

10 ________ __ 

19 ________ __ 

TABLE I 

M.P. of Yield in 
Correspond- percent of 

X ing quinone theoretical 

300 D 84 
240° 87 

250-260 D 94 
H5 210-211 94 

_____ __ —-C O O OHQCH2~O CH: 142-143 98 

>320 D 85 

_____ __ -o o-Q-o CH3 305-307 D ss 

01 
| 

_____ _. —CO—< > 237-238 93 

01 
I 

_____ -_ -o0- _-c1 273-275 85 

_____ -_ ——CO——CH2—® 223-224 87 

_____ __ ~00 CH= CH—® >330 D 84 

\ . 

_____ -. -co-< N: >320 D 84 

(quinones iso 
lated as HNO; 

salt) 

..... -. ——S0z—® >2so1) ss 

‘102 
*s m—@ 272_273 D 92 

—S O2—CH3 >320 D 87 

No'rE.—D means under decomposition. 
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1 1 

EXAMPLE 2o 

2- ( 2',4'-dichlorobenzoylamino) -5-benzoylamino 
1,4-benzoquinone 

14.2 parts of 2-(2’,4'-dichlorobenzoylamino)i-5-benz 

1 2 
EXAMPLE 26 

2-chloro-5-(4’-chlorobenzoylan1ino)-1,4-benzoquinone 
16.8 parts of 2-ch1oro-5-(4'-chlorobenzoylamino)-1,4— 

dimethoxybenzene are ?nely pulverised and suspended in 
oylamino-l,4-diethoxybenzene are suspended in 250' parts 5 100 parts by volume of glacial acetic acid. At,25°, a 
of glacial acetic acid. A mixture of 15 parts by volume mixture of 20 parts of 63% nitric acid and 20 parts by 
of fumlng nitric acid (density=l.52) and 15 parts by volume of glacial aceic acid is poured in. The tempera 
volume of glacial acetic acid is added While stirring to ture rises about 10°. For a short time a strongly yellow 
this suspension at 40°. After stirring for 20 minutes and 10 coloured solution is formed from which the yellow 
cooling to 10°, the _ yellow 2-(2',4'x_lichlorobenzoyl- quinone precipitates. The reaction mixture is stirred for 
ammo) - s-benloylamlno - 1,‘i-beIIZO'ZIUIHOIIe fOYmCd'iS another 10 minutes, then cooled to 10° and the‘ precipi 
?ltered off and washed, ?rst with water and then Wlth tate is ?ltered off under suction. Still furtherv quinone is 
ethanol. Crystallised ‘from glacial acetic acid, it forms obtained ‘by precipitation from the ?ltrate with water. 
long golden yellow Ile?dles- M-P. 205—207°.Y1eld: 87%- 15 The quinone is ?rst washed with water and then it is 
The 2-(2',4'-dichlorobenzoylarnino) - S-benaoylarnmo- washed with a little ethanol. It is further puri?ed by re 

l,4-dlethoxybenzene used as startlng material 1s obtained crystallisation from glacial acetic acid and it then‘ melts 
by condensation of 1 mol of Z-amino-S-benzoylammo- at 168°; the yield is quantitative. 
1,4-di6th0XybenZ-em with 1 H101 0f 2,4-di‘Fh10r0benZ0i/1 Other 2-chl0ro-5-acylamino - 1,4-benzoquinones char 
chloride. _ 20 acterised by their melting points are given in the fol 

If, instead of 2-(2',4'-di<1h101'0b6nZ°y1am1l10)-5-beI1Z- lowing table. They are obtained in the yields given if, 
oylamino - 1,4-diethOXybenZene, compounds of the for- instead of 2~chloro - 5-(4'-chlorobenzoylamino)-1,4-di-~ 
mula methoxybenzene, compounds of the formula 

OCzHs OCH; 
1 25 
_NE-—Y NH——X 

X-—-HN 01 i 

(SCzHs 30 8GB; 
are used in which X and Y have the meanings given in are used wherein X has the meaning given in column IL‘. 
columns II and III of Table II and otherwise the pro- of Table III and otherwise the procedure described in . 
cedure described in the example is followed, then other the example is followed. 
2,5-diacy1amino-1,4-benzoquinones unsymmetrically sub- 3’ Those of these compounds_of Table III as welliasv 
stituted at the acyl groups are obtained in the yields " those of the compounds descrlbed 1n the ‘following Ex- 1 
given. The melting points are given in column IV of the amples 55 to 77k (Table IV below) which fall under 1 
table: } Formulas VII-A/C are distinguished by good to very 

TABLE II 

M.P. of the Yield in 
corresponding percent; of 

X Y quinones theoretical 

Example No.: 

-o0o113 -co-® 236-237 1) 83 

~000H3 ——CO-—NHCZH8 244-245 D 88 
-—COCH3 -s02GH1 246-247 D 89 

_ ——OOCH3 -—COOC:H5 254-255 D so 

-—OOOOH= —oo-® 185-186 87 
N OTE.—D means under decomposition. 

good fungicidal activity as outlined hereinbefore, accom 
panied by generally extraordinarily slight phytotoxicity. 

> TABLE III 

M.P. of the Yield in 
corresponding percent of 

X quinones theoretical 

Example No.: 
27 __________________ _- —COCH3 174-175 93 

-c00oH3 172 88 
-—-COOC2H5 98 86 
-s 020113 197-198 D 94 

—s02—® 181-182 97 

32 .................. -- Aim-Q 152-154 92 

3a .................. .- -oo-©-o 0H3 187-188 (1) 

s4. ................. .- —CO~®_CH3 165-166 (1) 

192-193 96 

See footnote at end of table. 



3,515,790 
TABLE III--C0ntinu ed 

M.P. of the Yield in 
corresponding percent of 

X quinones theoretical 

Example N0.: 

36. _________________ .- C O-—CH2-\/ > 194-195 D 97 

37. _________________ -. —CO—CH—-CH—< > 240-241 D 90 

as- _________________ _. —o ONH—< > 224 D 97 

39 ____________________ __ --CO (CH2) a-CH: 118-120 95 
40." _ -—CO(CH2)7—CH3 114-115 89 
41___ _ —CO(CH2)a—-CH3 115-116 78 
42___ _ ~00 (CH2)10—CII3 115-117 85 
43“- —CO(CH2)14—-CH3 117-119 87 
44 —O0(CHz)m—0H@ 111-113 33 

COOCH2CHzC1 174-175 92 
O C5H|1 137-138 92 

_ —COOCH2CH2O CH; 117 89 

4s ____________________ ._ o 0 o@ 157 95 

49 ____________________ __ —CO—CHzCl 157-158 92 

_- ________ ‘i5? """""" "s9 

53 ____________________ _ _ C 0 CO1; 197-198 89 

54 ____________________ __ oo® 166-167 96. 5 

54a ___________________ __ CO—OCH2OH2CH2Cl 
54b ______ __ ___ CO-O CH(CHzBr)g 

54c _______ __ ___ CO—O C1uH21 

54d_ CO—-O C12H2s 
54o. CO—CH2O(OH2)5CH3 
54f. _ CO—CH2CH2O1 
54g_ OO-—CH=CHCH3 
54h_ CO-OHBrOHBrOHa 
54i ___________________ -_ CO—(CH2)4OH3 

541' ................... -- COG-01 

__________________ __ 

541 ___________________ _. 2-?uoro-5-(B~chloropropionyl)amino 1,4 
benzoquinone. 

1 Quantitative. _ I 

NOTE.—D means under decomposltion. 

The starting material for the latter compound, 2,5 
dimethoxy-4-13-chloro-propionylarnino - 1 - ?uorobenzene, 
is produced from 2,5-dimethoxy-4-nitraniline by diazo 
tation with addition of boro?uoric acid or sodium boro~ 
?uoride and thermic decomposition of the resulting 2,5 
dimethoxy~4-nitro-l-diazoniumbenzene tetra?uoroborate, 
in accordance with the method described by Schiernann 
in I. fiir prakt. Chemie, 140 p. 7 et seq. (1934), conver— 
sion of the resulting 2,5-dimethoxy-4-nitro-l-?uoroben 
zene by catalytic hydrogenation to 2,5-dimethoxy-4 
amino—2-?uorbenzene and acylation of the latter in a 
known manner to the aforesaid starting material. 

EXAMPLE 55 

59.22 parts of the 2-chloro-5-(4’-chlorobenzoylamino) 
1,4-benzoquinone obtained in Example 26 are suspended 
in 300 parts by volume of chloroform. At 20-30", a 
mixture of 24.8 parts by volume of bromine and 50 parts 
by volume of chloroform is added to this suspension 
within 30 minutes. The reaction mixture is then stirred 
for 15 hours at room temperature, 300 parts by volume 
of ethanol are added, whereupon the temperature rises 
by 10 degrees and then the whole is stirred for another 
hour. The reaction mixture is then cooled to 0 to 5° and 
the precipitated quinone is ?ltered off. It is washed ?rst 
with water and then with ethanol and dried. 
The 2-chloro-5-(4’-chlorobenzoylamino)-3,6-dibromo 

50 

60 

65 

75 

1,4-benzoquinone crystallizes from ethanol in yellow crys 
tals. M.P. 211; yield 92% of the theoretical. 

EXAMPLE 5 6 

37.2 parts of 2-chloro-5-[3'-diethylamino-5'-chloro 
triazinylamino-(l’)]-1,4-dimethoxybenzene (M.P. 161 
162"), produced by condensation of cyanuric chloride 
with one mol of 2,5-dimethoxy~4-chloroaniline and one 
mol of diethylamine, are suspended in 200 parts of gla 
cial acetic acid are poured in at room temperature. For a 
moment a solution is formed from which the quinone 
precipitates in crystalline form. The suspension is stirred 
for 10 minutes at 20-25", then cooled to 10° and ?ltered. 
The resulting 2-chloro-5-[3'-diethylamino - 5' - chloro-tri 
azinylamino-(l')]-1,4-benzoquinone is washed ?rst with 
water and then with cold alcohol and dried. Yield: 97.4% 
of the theoretical. 

EXAMPLE 57 

When, instead of 37.2 parts of 2-chloro-5-[3'-diethyl 
amino-5'-chloro-triazinylamino-(1’)] - 1,4 - dimethoxy 
benzene, 40.6 parts of the condensation product from one 
mol p2,4,5,6-tetrachloro-pyrimidine and one mol of 2,5 
dimethoXy-4-chloro-aniline and one mol of diethylamine 
is used and otherwise the procedure described in Exam 
ple 55 is followed, then the corresponding quinone prod 
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not which is a mixture of a major portion of the com 
pound of the formula 

01 C1 

and a minor portion of the compound of the formula 

/C2H5 
CI N 

C 

(‘l 
is obtained in similarly good yields. 

EXAMPLE 58 

39.7 parts of the condensation product of 1 mol of 2,6 
dichloro-pyrimidine-4-carboxylic acid chloride and 1 mol 
of l-arnino-4-chloro-2,S-dimethoxybenzene in 250 parts 
of glacial acetic acid are treated at 20 to 30° with 30 
parts of 10 N nitric acid. A yellow quinone of the 
formula 

0 
ll 

UNHCOr?-Ol N N 
01 H V 

0 <51 

precipitates and it is isolated in the usual Way. 

EXAMPLE 59 

A yellow quinone of the formula 

N 
-NH0 0- / \\ 01 

\N, 01 

l 
is obtained when instead of the condensation product of 
2,6-dichloro-pyrimidine-4-carboxylic acid chloride and 1 
amino-4-chloro-2,S-dimethoxybenzene, 4025 parts of the 
condensation product of 1 mol of 2,3-dichloro-quinox 
aline-G-carboxylic acid chloride and 1 mol of l-amino 
4-chloro-2,5-dimethoxybenzene are used and the proce 
dure given in Example 5 8 is followed. 
When, instead of 2-chloro-5-(4'-chlorobenzoylamino) 

1,4-benzoquinone used in Example 55, compounds are 
used of the formula 

wherein X has the meaning given in column II of the fol 
lowing table and otherwise the procedure described in 
Example 55 is employed, then further 2-chloro-5-acyl 
amino-3,6-dibromo-1,4-benzoquinones are obtained the 
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melting points of which can be seen from column III of , 
Table IV: 

TABLE IV 

Example No. 

CO (CH2)3CH3 
CO(CH2)10CH3 
CO (CH2) 40H; 
00 (CH2)16CH3 
000E201 
OOCHzCHzCl 
COOCHzCHzCl 

-—CO—O—CH2-—CH=CH—< > .......... - 

——COOCH2CH2OCH3 126 
0 051111 158-159 

186 

69a ........... - 

70 ____________ __ 

71 ____________ ._ G 

72 ____________ 

73 ____________ __ COOH3 . 182 

74 ____________ __ COCHClz 208-209 

175-176 

77g-. .- CO—OCH(CH2Bl‘)z 
77h ___________ __ (JO-C1120 (CH2)5CH3 
771 ____________ l- (JO-OHBrCHBrCH; _ 183 
77j ............ _. 2-?uoro-3,6~dibromo-5-?-cl1loropropronylamino-lA 

benzoquinone (from the compound of Example 54 1. 

EXAMPLE 77k 

Example 55 is repeated, but instead of 24.8 parts. by 
volume of bromine, gaseous chlorine is introduced into 
the solution in sut?cient amount and for a su?icient length 
of time, so that at least 2 moles of chlorine are retained in 
the reaction mixture for every mole of the starting benzo 
quinone, all other conditions remaining equal. 
The resulting 2,3,6 - trichloro - 5 (4'-chloro-benzoyl 

amino)-1,4-benzoquinone crystallizes from ethanol in yel 
low crystals; yield about 80% of the theoretical value. 

In a similar manner, but using an equimolar, amount 
of 2 - chloro - 5 - chloroacetylamiuo - 1,4 - benzoquinone 

as starting material and introducing chlorine only in suffi 
cient amount to retain one mole thereof per mole of said 
starting material, and operating in aqueous 50% -acetic 
acid suspension instead of in chloroform, there is obtained 
2,6 - dichloro ~ 5 - chloroacetylamino - 1,4 - benzo- \ 

quinone. 
EXAMPLE 78 r 

2,5 -diacetylamino- 1 ,4-benzoquinone 
5.6 parts of 2,5-diacetylamino-1,4-dieth0xybenzene are 

dissolved in 50 parts by volume of concentrated sulfuric 
acid and 4.74 parts of potassium permanganate are added i 
in small portions while cooling with ice, The solution is 
then stirred for 30 minutes and poured onto ice.,The 2,5-‘ 
diacetylamino-1,4-benzo-quinone which precipitates is ?l- - 
tered off and Washed with water. The yield is 70% of the ‘ 
theoretical. 

EXAMPLE 79' 
2,5-diacetylamino-1,4-benz0quin0ne' 

14 parts of 2,5-diacetylamino-1,4-diethoxybenzene are ‘ 
heated with 400‘parts by volume of glacial acetic acid to 
90°. At this temperature, 48 parts of 18.9% lead dioxide, 1 
are added within 40 minutes, whereupon the mixture is 
boiled for a short time and then cooled. The precipitated 
2,5-diacetylamino-1,4-benzoquinone is ?ltered olf at 20° 

17 6-177 ‘ 
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and washed with water. The yield is 26% of the theoreti 
cal. 

EXAMPLE 80 

2,5-dibenzoylamino-1,4-benzoquinone 
17.1 parts of 1,4-diethoxy-2,5-dibenzoylaminobenzene 

are heated to 100° in 250 parts by volume of glacial acetic 
acid. At this temperature, 30 parts of dry sodium bichro 
mate are added within 15 minutes. The reaction mixture 
is then cooled to 10° and the precipitated 2,5-dibenzoyl 
amino-1,4-benzoquinone is ?ltered off. The yield is 40% 
of the theoretical. 

EXAMPLE 81 

2,5 —diacetylamino-3,6-dichloro-1 ,4—benzoquinone 
14 parts of ?nely pulverised 2,5-diacetylamino-1,4-di 

ethoxybenzene are suspended in 250 parts of glacial acetic 
acid and 20 parts by volume of concentrated hydrochloric 
acid are added at 40°. 20 parts by volume of hydrogen 
peroxide are poured into the mixture whereupon the tem 
perature rises. When it has attained 60°, the orange red 
solution is cooled to room temperature and poured into 
1000 parts by volume of water. The 2,5-diacetylamino 
3,6-dichloro-1,4-benzoquinone which precipitates after a 
short time is ?ltered off and washed with water. It melts 
at 246°; yield 71% of the theoretical. 

EXAMPLE 82 

2,5 —diacetylamino-3,6-dichloro- 1 ,4-benzoquinone 
14 parts of 2,5-diacetylamino-1,4-diethoxybenzene are 

suspended in 200 parts by volume of glacial acetic acid 
and 20 parts by volume of concentrated hydrochloric acid 
are added. The reaction mixture is heated to 40° and an 
hydrous chlorine gas is introduced for 10 minutes, during 
which the temperature should not rise over 60°. The so 
lution is cooled to 10° and the quinone is ?ltered off. The 
yield of 2,5-diacetylamino-3,6-dichloro-1,4-benzoquinone 
is 21% of the theoretical. 

EXAMPLE 83 

2,5 —diacetylamino-3,6-dichloro-1 ,4-benzoquinone 
14 parts of 2,5-diacetylamino-1,4-diethoxybenzene are 

suspended in 200 parts by volume of glacial acetic acid 
and 20 parts by volume of concentrated hydrochloric acid 
and 8.61 parts of potassium chlorate are added at 50—60° 
within 10 minutes. This mixture is stirred for 15 minutes 
at this temperature and then the quinone is ?ltered off at 
10°. The yield of 2,5-diacetylamino-3,6-dichloro-l,4~ben 
zoquinone is 35% of the theoretical. 

According to yet another aspect of the invention, dioxa 
zines which are particularly satisfactory as pigments are 
obtained when, in accordance with step ((1) supra, a 
3,6-bis(aroylamido)-1,4-benzoquinone compound of the 
formula 

wherein Y has the aforesaid meanings, R7 and R8 each 
represent phenyl or a naphthyl radical, is condensed simul 
taneously or in stages with twice the equimolar quantity 
of a primary aryl amine or of two different aryl amines 
as de?ned above, the aryl radicals of which contain hydro 
gen or a replaceable substituent in an ortho-position in 
relation to the NHZ group and may contain other sub 
stituents, which are usual in dyestuffs and pigments, 
and/or may contain condensed heterocyclic rings in the 
remaining positions, if desired in the presence of inert 
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organic diluents and/or condensation agents to form a 
dianil of the general formula 

wherein R7 and R8 have the above meanings, A1 and A2 
represent, independently of each other, aryl radicals of 
primary aryl amines as de?ned above, and the dianil of 
Formula XI is ring-closed by means of moderate heating 
in diluents and, in some cases, where the primary amine 
contains no ether group in ortho-position to the NH2 
group at the above-mentioned benzene nucleus, in the 
presence of condensation and/ or oxidizing agents, to form 
a compound of the formula 

wherein R7 and R8 have the above meanings, and A1’ and 
A2’ represent ortho~arylene radicals corresponding to the 
above-de?ned aryl radicals A1 and A2. 
The aryl radicals of Formulas X, XI and XII, sym 

bolized by R1 and R2, are phenyl or naphthyl radicals 
which may be substituted, phenyl radicals being preferred. 
R1 and R2 may be similar to one another or different from 
one another, but preferably they are identical. The follow 
ing are in particular of interest: the phenyl, the 2-, 3- or 
4-methylphenyl, the 2-, 3- or 4-chlorophenyl, the 2-, 3- or 
4-bromophenyl, the 2-, 3- or 4-methoxyphenyl, the 2-, 3 
or 4-ethoxyphenyl, the 2-, 3- or 4-nitrophenyl, the 3,4 
or 2,5-dimethylphenyl, the 3,4- 2,5- or 2,4-dichloro~ 
phenyl, 2,4,5-trichlorophenyl, the 2- or 4-methylsulfonyl 
phenyl, the 2- or 4-sulfamylphenyl, the 2-, 3-, or 4-acyl 
aminophenyl, the 2-, 3- or 4-sulfonylaminophenyl, the 3 
or 4-carboxylic acid ester phenyl, the 3- or 4-car-boxylic 
acid amidophenyl, the 2- or 4-(2’-, 3'- or 4’-nitro 
phenoxy)-phenyl, the 2- or 4-phenylphenyl-, the 4-(4' 
nitrophenyl)-phenyl, the naphthyl-, the nitronaphthyl- and 
the chloronaphthyl-(1)- or -(2)-radicals. 

Particularly pure and solvent-fast and therefore pre 
ferred dioxazine pigments of Formula XII are those 
wherein R1 and R8 represent an unsubstituted phenyl radi 
cal, while the purest shades are obtained when R7 and R8 
represent the o-methylphenyl or o-chlorophenyl radical. 
The aryl radicals, symbolized in Formula XI by A1 and 

A2, represent phenyl, naphthyl or carbazole radicals, 
which may be substituted; they are preferably phenyl 
radicals. They may be identical or different from one 
another; but preferably both aryl radicals are identical. As 
mentioned above, A1 and A2 contain as replaceable sub 
stituents in the ortho-position in relation to the NH-group 
an ether group or a thioether group. Suitable ether radi 
cals are in particular alkoxy, cycloalkoxy, aralkoxy and 
above all those aryloxy groups, which may be readily split 
off, namely the phenoxy, the methylphenoxy or the chloro 
phenoxy group. 

Apart from these replaceable substituents in the ortho 
position in relation to the NH group, A1 and A2 in 
Formula XI and, consequently, A1’ and A2’ in Formula 
XII, may contain substituents which are preferably non 
ionic and which are usual in coloring substances, namely, 
aliphatic, cycloaliphatic, araliphatic or aromatic groups, 
alkoxy, hydroxyalkoxy, aralkoxy or aryloxy groups, the 
aryl radicals of the last-mentioned two groups being either 
non-substituted or substituted, for example, by methyl, 
chlorine, bromine, methoxy or carboxylic acid ester 
groups, an alkylmercapto or an arylmercapto group; fur 
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thermore halogens such as chlorine or bromine, the nitro, 
the cyano or the tri?uoromethyl group, the primary amino 
group, carboxylic acid amide and sulfonic acid amide 
groups, which may be N-substituted, carboxylic acid ester, 
sulfonic acid aryl ester, acyl, alkylsulfonyl, arylsulfonyl 
and acylamino groups, “acyl” being understood in the 
widest sense and representing for example a carbacyl, car 
bonic acid monoester, carbamyl, thiocarbamyl or a 1,3,5 
triazinyl radical, but preferably a carbacyl radical. 
A1 and A2 or A1’ and A2’ may further contain, for 

example, an indol ring or a furan ring condensed ‘with the 
above-de?ned benzene nucleus of the primary aromatic 
amine used as a reactant in step (d). 
When, in Formula XI, A1 and A2 are derived from 4 

alkoxyanilines, then pure, red dioxazine pigments of 
Formula XII are obtained; they are derived from 4-phe 
noxyanilines, then dioxazine pigments according to the 
invention are obtained, which are also of pure, red shade 
of even less solubility than the former. 
When R1 and R8 represent a phenyl, an o-chlorophenyl 

or an o-methylphenyl group, then those pigment colors 
are distinguished by very interesting red shades, wherein 
A1 and A2 represent phenylene radicals, which are substi 
tuted in the p-position in relation to the nitrogen atom of 
the oxazine ring by a lower alkoxy group, the ethoxy 
group generally producing a purer shade than the me 
thoxy group, or by a phenoxy group, which may be sub 
stituted, and contain in the p-position in relation to the 
oxygen atom carboxylic acid ester, carboxylic acid amide 
or acyl groups or halogens, if required. It is therefore a 
further advantage of the present invention that sparingly 
soluble, red colors of the dioxazine series, which are fast 
to migration and overpainting are obtained by means of 
simple substituents. 

Dioxazines with optimal pigment properties are those 
of the formula 

NII-C o-R1 
| 

, O /N\ 

(at). l (an, 
\NV 0/ 

| 
NH—CO—R5 (XIII) 

wherein each of R-, and R8 is a member selected from the 
group consisting of phenyl, chlorophenyl, bromophenyl, 
and lower alkylphenyl, and R9 is a member selected from 
the group consisting of lower alkoxy, phenoxy, chloro 
phenoxy, bromophenoxy, lower alkyl-phenoxy, lower al 
koxy~phenoxy, and n is an integer ranging from 1 to 3. 

These dioxazines of Formula XIII ?ll a gap in the cata 
log of pigments; for there are no pigments of red shade 
and comparable strength, which possess at the same time 
satisfactory fastness to migration and to overpainting. 

Particularly those compounds of Formula XIII in 
which R-,, R8 is o-chlorophenyl or o-methylphenyl and 
R9 is in p-position to the nitrogen atom of the oxazine 
ring and n is 1. 
The dianils of Formula XI, used in accordance with 

the invention, are novel. They are'obtained in accordance 
with step (d) of the above-described process according 
to the invention, by reacting a 2,5-di-halogen-3,6-bis 
[aroylamido] - 1,4 - benzoquinone with primary aryl 
amines, which contain hydrogen or a mobile substituent 
in the o-position in relation to the NH2 group, for exam 
ple in ethylene glycol monoethyl ether or in an aromatic 
hydrocarbon such as benzene, chlorobenzene, or dichlo 
robenzene, if required in the presence of an acid-neutral~ 
izing medium such as alkali hydroxide, for example so— 
dium hydroxide or alkaline earth oxide or -hydroxide, for 
example magnesium oxide, alkali carbonate, for example 
in the presence of an alkali salt of a low fatty acid, for 
example sodium acetate or of tertiary bases, such as for 
example tri-isopropanol amine, methyldicyclohexyl amine 
or tri~isobutyl amine. 
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20 
The dianils of FormulaXI, produced in this manner, 

may be isolated before their conversion to the dioxazine > 
compounds of Formula XII.»However, it is frequently 
advantageous to convert the substances, which are used 
for their production, directly into the dioxazine pigments 
of Formula XII without isolating these dianils.~ 
The condensation of the compounds of Formula XI ' 

to the dioxazine pigments of Formula XII ispreferably 
carried out, in conformity with step (d) of the above- I. 
described process, under moderate heat in inert organic 
solvents, in some cases in the presence of acids, 'acid- I 
yielding or acid-forming compounds, if necessary in the 
presence of oxidizing agents. The thermal ring-closure 
in high boiling solvents is preferred, and, when required, 
oxidizing agents are used but no acid condensation agents, 
since the use of the latter, in contrast to the known con 
densations produced with chloranil, generally lead to 
poorer yields. In the thermal ring-closure, starting ma 
terials containing phenoxy groups as repleaceable sub 
stituents are preferred, since the latter can be generally 
more easily split-off than alkoxy groups. 

Suitable inert organic solvents are, in particular, aro 
matic hydrocarbons of the benzene or naphthalene series, 
which may be halogenated, namely: the xylenes, nitro 
benzene, di- and trichlorobenzenes, naphthalene and a 
chloronaphthalene, liquid alcohols with up to 12 carbon 
atoms and the esters thereof, such as, ethanol, propanol, 
benzyl alcohol, ethylene glycol, the ethylene glycol-meth 
yl, -ethyl and -phenyl ethers, and the acetates, benzoates 
and phthalates thereof. 

Concentrated inorganic oxygen-containing acids, such‘ 
as sulfuric acid or polyphosphoric acids, and strong or 
ganic acids, such as di- or trihaloacetic acids, are suitable 
as acids. 

Examples of acid-yielding or acid-forming compounds 
are in particular the acid halides of carboxylic or sulfonic 
acids, such as benzoyl chloride or 4-methylbenzenesul-‘ 
fonic acid chloride, furthermore also thionylchloride, 
phosphorous pentacholride or metal chlorides, such as 
aluminum chloride. 
Atmospheric oxygen and aromatic nitro compounds, 

namely nitrobenzene or nitrobenzene sulfonic acids may 
be mentioned as suitable oxidizing agents. The choice of 
condensation agents and conditions is based on the start 
ing compounds used in each particular instance. 

Dianils of Formula XI, wherein A1 and A2 each con 
tain an ether group in the o-position in relation to the 
NH~group as replaceable substituents, are heated to 100 
300° C., preferably to 150—260° C., in a mixture con 
sisting of an inert organic solvent and an acid-binding 
agent. 

Dianils of Formula XI wherein A1 and A2 each con 
tain an ether group, preferably a phenoxy group which 
may be sustituted, in the 2- and 4-p0sition in relation 
to the NH-group, may be converted to the dioxazine 
compounds of Formula XII at relatively low tempera 
tures and without further additives by being heated in 
inert organic solvents. 
The dianils of Formula XI wherein A1 and A2‘ each 

represent an aromatic radical containing a hydrogen atom 
in the o-position in relation to the NH group, are prefer 
ably condensed in an organic solvent in the presence of 
an oxidizing agent and in some cases in the presence of 
an acid-yielding agent. 
The dioxazine compounds of Formula XII according to 

the invention generally crystallize out almost completely 
and in pure form in the hot reaction mixture. They have 
the characteristic properties of the ‘dioxazine pigments, for 
example the blue color of the solution in concentrated 
sulfuric acid, metallic scintillation of the crystals and 
?uorescence in 1,2-dichlorobenzene. They are isolated by 
being ?ltered off and further puri?ed by washing out the 
precipitate with organic solvents and aqueous acids 01‘ 
bases. 
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The dioxazines which are sparingly soluble in organic 
solvents are brought into a ?nely dispersed form for use 
as pigments, preferably by means of grinding in the pres 
ence of grinding assistants, such as inorganic or organic 
salts which may be removed by solvents, and if desired in 
the presence of additional grinding assistants such as or 
ganic solvents, acids or bases. 

Solid or liquid organic solvents for grinding treatment 
may be used at room temperature. The pigments which 
have been isolated from the reaction mixture and dried, 
are ground for example with dehydrated calcium chloride 
or with sodium sulphate or sodium chloride in the pres 
ence of aliphatic or aromatic hydrocarbons which may be 
chlorinated and/ or nitrated, such as cyclohexane, benzene, 
toluene, naphthalene, mono-, di- or trichlorobenzene, 
tetrachloroethane, or nitrobenzene, furthermore in the 
presence of low aliphatic ketones, such as for example 
acetone, or low aliphatic monoalcohols, for example meth 
anol, ethanol, methoxy or ethoxyethanol, or nitrogen com 
pounds such as dimethyl or diethylaniline, quinoline or 
dimethylformamide. In many cases the pigments may also 
be improved by grinding with organic solvents alone with 
out the addition of salts. After grinding, the assistants are 
removed; for instance, the inorganic salts are dissolved, 
for example with water, and the organic assistants are 
removed by means of distillation or with water vapour. 

Finely dispersed, orange, red, Bordeaux, blue and violet 
pigments having a remarkable color strength as compared 
to the crude products, are obtained in this manner. They 
may be used for pigmenting varnishes, rubber, lacquers, 
for example stoving lacquer, and plastics such as poly 
rvinylchloride. They are also particularly suitable for the 
production of printing inks for paper printing and for the 
mass dyeing of viscose and cellulose materials. The 
orange, red, red-brown, raisin-colored, violet and blue 
colorations and prints produced therewith are distinguished 
by a high color strength, and by good fastness to solvents, 
overpainting, migration, rubbing and light, and good heat 
stability. 

‘Further details may be seen from the following non 
limitative examples, wherein parts represent parts by 
weight, unless stated otherwise. Temperatures are in de 
grees centigrade. Parts by weight have a ratio to parts by 
volume as gzcm?. 

EXAMPLE. 84 

2,5-dibrom-3,6-bis-benzoylamino-1,4-benzochinone 
138.6 parts of 3,6-bis-benzoylamino-1,4-benzoquinone 

(Example 7, supra) are suspended in 1050 parts by vol 
ume of chloroform. 166.2 parts of bromine in 100 parts 
by volume of chloroform are poured into this suspension 
within 15 minutes, whereupon the whole is boiled for 12 
hours. After the addition of another 15.5 parts of bromine, 
the whole is boiled for a further 10 hours, then cooled to 
20-25° and 200 parts by volume of ethanol are added to 
the suspension. It is then stirred for 10 minutes at this 
temperature, cooled to 0 to 5° and the mixture consisting 
of 2,5 - bis-benzoylamino-3,6-dibromo-hydroquinone and 
2,5-bis-benzoylamino-3,6-dibromo-1,4-benzoquinone is ?l 
tered off. It is washed with ethanol and dried. The dried 
mixture is then suspended in 700 parts by volume of 
glacial acetic acid, heated to 45° and 60 parts of 63% 
nitric acid dissolved in 100 parts by volume of glacial 
acetic acid are added. The suspension which slowly turns 
yellow is stirred for 45 minutes at 40-45 °, then cooled to 
10° and ?ltered. The 2,5-dibromo-3,6-bis-benz0ylamino 
1,4-benzoquinone formed is washed with water and then 
with ethanol and dried. Yield: 183.3 parts=91.2% of the 
theoretical. M.P. 248° (under decomposition). 

EXAMPLE 85 

When, in the preceding Example 84, 157 parts of 2,5-di 
(2'-chlorobenzoylamino)-1,4-benzoquinone . (Example 1) 
are used instead of 138.6 parts of 2,5-di-benzoyla-mino-L4 
benzoquinone, then 2,5-di-(2'-chlorobenzoylamino)-3,6 
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22 
dibromo-1,4-benzoquinone is obtained with a yield of 
94%. 

EXAMPLE 86 

O /N\ 

\N/ O / OCHa 

in; 
do 

20.16 parts of 2,5-dibromo-3,G-bis-(benzoylamino)-1,4 
benzoquinone obtained as described in Example 84, 12.3 
parts of 1-amino-2,4-dimethoxybenzene and 13.1 parts of 
anhydrous sodium acetate are heated for 30 minutes at 
200-210" in 250 parts by volume of l-chloronaphthalene 
with stirring. The dark red suspension, which is formed, 
is ?ltered off at 140“, the residue is washed with ethanol, 
water, a mixture of ethyleneglycol monoethylether and 
diluted caustic soda, water and ?nally with acetone and 
then dried. 13.7 parts of a red-brown crystalline product 
of the above indicated formula are obtained. To obtain 
a ?ne dispersion it is ground with sodium chloride, sodium 
sulfate or anhydrous calcium chloride in the presence of 
a small quantity of the petroleum fraction, which boils 
at 180-220". After the salt and solvent have been re 
moved, a red pigment, which has a high color strength 
and good light, heat, overpainting, and migration fastness 
properties, is obtained. 
When the 2,5-dibromo-3,6-bis(benzoylamino) - 1,4 

benzoquinone is replaced by 21.4 parts of 2,5-dibromo-3,6~ 
bis(2'-methylbenzoylamino)-l,4-benzoquinone or by 21.4 
parts of 2,5-dibromo-3,6-bis-(4'-methylbenzoylamino) 
1,4-benzoquinone or by 22.9 parts of 2,5-dibromo-3,6 
bis-(2'-chlorobenzoylamino)-1,4-benzoquinone and the 
process is otherwise carried out as indicated above, then 
the following red pigments are obtained: 

the 2,6-dimethoxy-9,10-bis-(2’-methylbenzoylamin0) 
triphenyldioxazine; 

the 2,6-dimethoxy-9,10‘-bis- (4'-methylbenzoylamino) - 
triphenyldioxazine; or 

the 2,6-dimethoxy-9,10-bis-(2'-chlorobenzoylamino) 
triphenyldioxazine 

These pigments have properties which are as good as the 
2,6 - dimethoxy ~ 9,10 - bis - (benzoylamino) - triphenyl 

dioxazine. 
The 2,5 - dibromo - 3,6 - bis - (benzoylamino) - 1,4 

benzoquinone employed are orange-brown compounds 
which are sparingly soluble in conventional organic sol 
vents. They are obtained by means of oxidation of the 
relevant 3,6 - bis - (benzoylamino) - 1,4 - dimethoxy 

benzenes with nitric acid in glacial acetic acid, by sub-. 
sequent bromination of 3,5-bis-(benzoylamino)-1,4-benzo 
quinones formed with bromine in chloroform-2,5-di 
bromo 7 3,6 - bis - (benzoylamino) - 1,4 ~ hydroquinones 
forming-and by further treatment with nitric acid in 
glacial acetic acid. 
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EXAMPLE 8? - 

00 

11H 
0 N 

Emil \0 0(3 H NJWO/ 2 5 
H 

O 

Cl 

17.2 parts of 2,5 - dibromo ' 3,6 - bis ~ (2’ - chloro 

benzoylamnio) - 1,4 - benzoquinone (Example 85) are 
mixed with 10.8 parts of 1-amino-2,4-diethoxybenzene and 
9.8 parts of anhydrous sodium acetate, and the mixture 
is heated for 30 minutes at 200 to 210° in 200‘ parts by 
volume of 1 chloronaphthalene with stirring. The dioxa 
zine formed is isolated as in Example 1. 12.6 parts of 
red-brown crystals having a green scintillation are ob 
tained. After ?ne dispersion by grinding with inorganic 
salts, such as calcium chloride, a bluish-red pigment is 
obtained, which has a high color strength and very good 
light, heat, overpainting and migration fastness properties, 
and in particular a very pure shade. 

Equally fast dioxazines, having equally good color 
strength, which have been produced from benzoquinone 
compounds of the general Formula X and 1-amino-2,4 
diethoxy-benzene in accordance with the method de 
scribed in the above example, are recorded in the follow 
ing Table V. Column 1 represents the substituents R1 and 
R2 of the benzoquinone employed, column 2 represents 
the shade of a polyvinyl chloride ?lm colored with the 
dioxazine pigment. 

TABLE V 

R1 and R2 in Color in 
Formula. I PVC ?lm 

Example N0. 

88 ------------------------ --<:> 

8Q ------------------------ ~—<:> 
CH3 

9o _______ -L --------------- -- OOH. 

CH3 
1 

. 91 ------------------------ -- ~C>~Cm 

92 ________________________ __ —©—OCH3 Yellowish red. 

Bluish red. 

Yollowish red. 

Bluish red." 

Yellowish red. 

Bluish red. ' 

Yellowish red: 
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EXAMPLE 95 

| 
G O 

CH; IlIIH 
_0 /o N 

\N/ 0 ‘0'9 
NH UH; 

to 

15.12 parts of 2,5 - dibromo — 3,6 - bis - (benzoyl 

amino) -1,4- benzoquinone are mixed with 18.3 parts 
of 1 - amino - 2,4 - bis - (2' - methylphenoxy) - benzene 

and 9.2 parts of anhydrous sodium acetate, and the mix 
ture is heated for 30 minutes at 200—210‘~’ in 200 parts 
by volume of l-chloro-naphthalene With stirring. The red 
dioxazine compound formed is isolated and puri?ed as in 
dicated in Example 1. 11.5 parts of a pure 2,6-bis~(2' 
methylphenoxy) - 9,10 - bis - (benzoylarnino) - triphenyl- I 

dioxazine are obtained in the form of red-brown crystals 
having green scintillation. By grinding with inorganic salts, 
a red pigment, which has a high colour strength and excel 
lent fastness to light, heat, overpainting and migratiom'is 
obtained. Red dioxazine pigments of similarly good prop 
erties are obtained by employing 17.2 parts of 2,5-di 
bromo - 3,6 - bis - (2' - chlorobenzoylamino) - 1,4 - ben 

zoquinone or 17.2 parts of 2,5 - dibromo - 3,6 - bis~ 

(4' - chlorobenzoylamino) - 1,4 - benzoquinone or 21.4 1 

parts of 2,5-dibromo - 3,6 - bis - (2',4'-dichlorobenzoyl- - 

amino) - 1,4 - benzoquinone or 17.8 parts of 2,5 _ di- ‘ 

bromo - 3,6 - bis - (2’ - methylbenzoylamino) - 1,4 - ben— 

zoquinone or 17.8 parts of 2,5 - dibromo - 3,6 - bis 

(4' - methylbenzoylamino) - 1,4 - benzoquinone or 18.7 

parts of 2,5 _ dibromo - 3,6 - bis - (3',4’ - dimethyl 

benzoylamino) - 1,4 - benzoquinone or 18.8 parts of 

2,5 - dibromo - 3,6 - bis ~ (2' - methoxybenzoy1amino)‘ 

1,4 - benzoquinone or 18.8 parts of 2,5 - dibromo - 3,6 

bis - (4' - methoxybenzoylamino) - 1,4 - benzoquinone or 

17.5 parts of 2,5 - dinitro - 3,6 - bis - (3' - nitrobenzoyl 

amino) - 1,4 - benzoquinone or 17.5 parts of 2,5 - di- 1 

nitro - 3,6 - bis - (4' - nitrobenzoylamino) - 1,4 - benzo 

quinone instead of the 2,5 - dibromo - 3,6 - bis - (ben 

zoylamino) - 1,4 - benzoquinone and by otherwise ef 

fecting the process as indicated in the above example. 
The 2,5 - dinitro Q 3,6 - bis - (3' - nitrobenzoylamino) 

1,4-benzoquinone is produced by oxidation and nitra 
tion of the 3,6 - bis - (benzoylamino) - 1,4- bis - me- i 

thoxybenzene and the 2,5 - dinitro - 3,6 _ bis - (4'- i 

nitrobenzoylamino) - 1,4 - benzoquinone is produced by 

oxidation and nitration of the 3,6 - bis - (4’ - nitro 

benzoylamino) - 1,4 - dimethoxybenzene with a mixture 

of concentrated nitric acid and concentrated sulfuric acid. 
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EXAMPLE 96 

c1 

0 

II'IH 

\N/ 0 —O_C> 
NH 

do 
01 

17.2 parts of 2,5 - dibromo - 3,6-bis-(2’-chlorobenzoyl 
amino)-1,4-benzoquinone is mixed with 16.65 parts of 
I-amino - 2,4 - bis - (phenoxy)-benzene and 9.2 parts 
of anhydrous sodium acetate, and the mixture is heated 
for 1 hour at 200—210° in 250 parts by volume of l-chlo 
ronaphthalene with stirring. The dioxazine compound 
formed is isolated as in Example 1. 15.8 parts of red 
brown crystals are obtained, which yield a pure red pig 
ment of high colour strength and very good light, heat, 
overpainting and migration fastness properties after 
grinding with CaCl2. 

Equally valuable red pigments of equally good proper 
ties are obtained if, in the above example 18.3 parts of 
1 - amino - 2,4-bis-(4'-methylphenoxy)dbenzene or 18.3 

parts of 1 - amino - 2,4-bis-(4'-methylphenoxy)-benzene 
or 20.8 parts of 1 - amino-2,4~bis-(4’-chlorophenoxy) 
benzene or 20.2 parts of 1 - amino-2,4-bis-(4'~methoxy— 
phenoxy)-benzene or 19.7 parts of 1 - amino-2,4-bis-(2’ 
6'-dirnethylphenoxy) - benzene or 22.8 parts of l-amino 
2,4 - bis - (phenoxy)-5-benzoylbenzene or 24.2 parts of 
S-amino - 2,4-bis-(4'-chlorophenoxy) - 1- benzoic acid 
methylester or 27.9 parts of 5 - amino-2,4-bis-(phenoxy) 
l-benzoic acid - 2',5’ - dichloroanilide or 18.7 parts of 
l-arnino - 2,4-bis-(phenoxy) - 5 - chlorobenzene or 18.7 

parts of 1 - amino-2,4-bis-(phenoxy)-3-chlorobenzene are 
used instead of the 1-amino-2,4- (phenoxy)-benzene 
and the procedure is otherwise e?ected' as indicated in the 
example. 

EXAMPLE 97 
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10.08 parts of 2,5 - dibromo - 3,6-bis-(benzoylamino) 

1,4-benzoquinone is mixed with 6.15 parts of 2-methoxy 
aniline'and 4.1 parts of anhydrou sodium acetate, and the 
mixture is heated for 6 hours to 120° in 150 parts by vol 
ume of o-dichlorobenzene. The dianil formed is ?ltered 
01f cold and the residue is washed with o-dichloroben 
zene, ethanol, water and acetone and dried. 10.8 parts 
of a grey-brown, crystalline dianil are obtained. 
Formation of the relevant dioxazine compound results 

by heating the dianil for 1 hour in 200 parts by volume 
of l-chloronaphthalene to 230° with thermal ring-closure. 
An orange-red solution is initially formed, from which 
the dioxazine compound immediately separates in the 
form of ?ne needles. It is drawn oil? by suction at 150°, 
washed with ethylglycol monoethyl ether and acetone and 
dried. 6.5 parts of orange-red crystals are obtained, which 
supply an orange pigment having very good fastness prop 
erties to solvents, overpainting, migration and light, by 
grinding with inorganic salts. 

EXAMPLE 98 

in 

1: 

15.12 parts of 2,5 - dibromo-3,6—bis-(benzoylamino) 
1,4-benzoquinone is mixed with 15.8 parts of l-amino 
2-phenoxybenzene-S-methylsulfone and 9.2 parts of an 
hydrous sodium acetate, and the mixture is heated for 
20 minutes to 120-130° in 200 parts by volume of 1 
chloronaphthalene, the suspension changing to a darker 
colour. The dianil formed in this way is then heated to 
200° without isolation and kept at 200° for 1 hour with 
stirring. 
The dioxazine formed is isolated and puri?ed‘ as indi 

cated in Example 1. 9.3 parts of orange-brown crystals 
are obtained, which after grinding with CaCl2 produce 
an orange pigment having good colour strength and ex 
cellent migration, overpainting and heat and light fast 
ness properties. 

In the following Table VI properties of similar di 
oxazines have been complied, which have been produced 
from dianils of the general Formula XI in accordance 
with the method described in the above Example 94. 
Column 1 represents the substituents —NH—A1 and 
—NH——A2 of the dianil employed, column 2 represents 
the shade of polyvinylchloride ?lm coloured with the 
?nely dispersed dioxazine pigment of Formula XII which 
is obtained from the dianil of column 1 and in which A1’ 
and A2’ correspond to =N—-A, and —N—A2 minus the 
phenoxy substituent in o-position to —NH—. 
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TABLE VI 

—NH——A1 and -—NH——Az in formula XI Colors in PVC 
?lm 

Example No. 

Orange. 99_._._.............. -—NH-— 

Orange-red. 

D0. 

D0. CONE 

C1 

l 

B ordeaux. 

00 

Reddish brown 

Reddlsh blue. NHCO 

NHCO CH3 Reddish brown. 

Violet. 

Reddish violet. NHCO 
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EXAMPLE 109 EXAMPLE 110 

‘B 5 
l O I 0 

(‘32115 17H NH 
N 0 N 

/ O N 

m I] Q 10 OCONH. / \ 002115 
/ \ H c 0 

N l 0 1g 5 1 N, I 0 NBC 00 
E11 2H5 NH 
0 15 50 

u n I 30.24 parts of 2,5-d1bromo-3,5 - bis - (benzoy1am1no) 

1,4-benzoquinone, 25.2 parts of 3-amino-N-ethylcarba- 10:8 parts of 2,5-dibromo-3,-6 -bis- (benzoylamino) 
zole and 9.8 parts of anhydrous sodium acetate are heated 1,4-benzoquinone, 12 parts of 1-amino-2,5-diethoxy - 4 
for 30 minutes at 200-2100 and then for 6 hours at 220° :benzoylaminobenzene and 7.65 parts of tri-isopropanol 
in 500 parts by volume of l-chloronaphthalene with stir- 25 amine are heated for 4 hours in 150 parts by volume of 
ring. The dark suspension is ?ltered 01f at 150° and the chlorobenzene under re?ux. The precipitate which is 
residue is puri?ed as indicated in Example 1. 12.9 parts formed in this manner is ?ltered off hot, washed with 
of a dioxazine of the above-mentioned formula are ob- ethanol and water and dried. 14.4 parts of a grey-violet 
tained, which dioxazine produces a pure violet pigment crystalline dianil are obtained. This product dissolves in a 
having excellent light, heat, overpainting and migration 30 hot mixture of the ethyleneglycol monoe‘thylether and 
fastness properties after grinding with salt. caustic soda with a yellow-brown colour. 

TABLE VII 

Color in 
PVC 

—NH—A1 and —NH—-Az in formula XII ?lm 

Example No.‘ 
(I) OH; 

111- ................ -. -—NH~C>—NHCO CH1 Violet. 

(I) CH3 

00113 
112- ................ .- —NH-C>—NHCO~© no; 

0H3 

(l)CHa (I11 
113 ................. _- —-NHQNHOO—C> Blue. 

0113 

(|)CH3 
114 ................. .. -NHONHGO—<:>_O1 Do. 

CH3 

‘062115 
115 ................. _- —NH——C>—NHC 0-0118 Violet. 

(‘)C2H5 
(I)C2H5 

116 ................. .- —NH—<:>~NHCO—®—O1 Blue. 

CzHg 

002115 

111 ................. __ NHCO-O-CH; Violet. 
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The dianil is ‘heated for 40 minutes to 175° in 200 

parts of o-dichlorobenzene for the purpose of conversion 
into the dioxazine compound. The suspension formed is 
?ltered o? at 150° and the green crystalline residue is 
washed with ethanol and acetone. 12 parts of a dioxazine 
compound are obtained, which produce a violet pigment 
having very good light, overpainting, heat and migra 
tion fastness properties after grinding with inorganic 
salts such as CaClz or N212SO4. 

If the ring-closure is carried out in the presence of 
10 parts of benzoyl chloride, then only 6 parts of the 
dioxazine compound are obtained. 
The shades of polyvinyl chloride ?lms, coloured with 

similar dioxazines pigments, are compiled in the follow 
ing Table III (column 2); these dioxazine pigments were 
produced from dianils of the general Formula X1 in ac 
cordance with the method described in the above exam 
ple. Column 1 represents the substituents —-NH—A1 and 
NH-——A2 of the dianil employed. 

EXAMPLE 1 18 

do 

/ 0 /N 

\N O —O CzHii 

NH 

60 

H5020 

16.6 parts of 2,5-dibromo-3-(2'-chlorobenzoylamino) 
6-(2’-methylbenzoylamino)-1,4-benzoquinone, 10.8 parts 
of 1-amino-2,4-diethoxybenzene and 9.8 parts of anhy 
drous sodium acetate are heated with stirring for 30 
minutes at 200-210° in 200 parts by volume of l-chloro 
naphthalene. The dioxazine pigment formed is isolated as 
in Example 1. 11.1 parts of red-brown crystals having a 
green scintillation are obtained. After the ?ne dispersion 
by means of grinding with salt, a bluish red pigment is 
obtained, which has similar properties to that described 
in Example 2. 
The 2,5 - dibromo - 3 - (2'- chlorobenzoylamino)-6-(2’ 

methylbenzoylamino)-1,4-benzoquinone was produced by 
means of oxidation with nitric acid in glacial acetic acid 
of the 3-(2'-chlorobenzoylamino)-6-(2’-methylbenzoyl 
amino)-1,4-dimethoxybenzene to form the corresponding 
1,4-benzoquinone and by subsequent bromination and 
oxidation. 
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EXAMPLE 119 

12.08 parts of 2,5-dibromo-3,6-bis(1'-naphthoy.lan1ino) 
1,4-benzoquinone, 12.2 parts of 1-amino-2,4-bis-(2' 
methylphenoxy)-benzene and 6.56 parts of anhydrous 
sodium acetate are heated for 30 minutes at 200—210° 
with stirring in 150 parts by volume of 1-chlor0naphtha— 
lene. The red crystalline dioxazine compound formed is 
?ltered off at 80° and processed as in Example 1. 4.1 parts 
of a pure 2,6-bis-(2'-methylphenoxy)-9,10-bis-(1'-naph 
thoylamino)-triphenyldioxazine are obtained. After grind 
ing with calcium chloride a red pigment is obtained, which‘ 
has a good colour strength, pure shade and good over 
painting and migration fastness properties. 
A bluish red pigment having excellent fastness to 

migration is also obtained if 15.8 partsof 5-amino-2,4-bis- ‘ 
(phenoxy)-benzoic acid anilide are used instead of the . 
1-amino-2,4-bis-(2’-methylphenoxy)-benzene and the pro 
cedure is otherwise effected as in the example. 

EXAMPLE 120 

For the purpose of producing a colour for graphic 
purposes, 2 parts of the pigment, produced in accordance. ‘ 
with Example 8 from l-amino-2,5-diethoxy-4-benzoyl 
aminobenzene and 2,5-dibromo-3,6-bis-(benzoylamino)-1, 
4-benzoquinone and ground with salt, are mixed with ' 
36 parts of hydrate of alumina, 60 parts of linseed oil ' 
varnish of average viscosity and 0.2 part of cobalt lineo- - 
late and ground on the triple roll mill. Violet prints, which 
have a high colour strength and good fastness to light 
may be produced, with this paste. 

EXAMPLE 12 1 

0.6 part of the pigment, which is ground with salt and 
produced in accordance with Example 4 from 1-amino-2,_ 
4-bis-phenoxy-benzene, is mixed with 67 parts PVC, 33 
parts dioctylphthalate, 2 parts of dibutyl =tin dilaurate ‘ 
and 2 parts of titanium dioxide and are rolled at 140° 
for 10-15 minutes. Red PVC ?lms, which have very 
good migration and light fastness properties, are obtained. 

EXAMPLE 122 
10 parts of titanium dioxide, 35 parts of a 60% solu 

tion of a modi?ed urea alkyd resin in xylene/butanol 
1:1, 10 parts of oil of turpentine and 5 parts of xylene 
are ground in a ball mill for 48 hours with 2 parts of 
the pigment produced in accordance with Example 2 from 
1-amino-2,4-diethoxybenzene and 2,5-dibromo-3,6-bis-(2'- - 
chlorobenzoylamino)-1,4-benzoquinone. If this coloured 
lacquer is poured on to aluminum foils and burnt-in for 
1 hour at 120°, then varnishes are produced which are - 
distinguished by an excellent pure bluish red shade and 
very good light, heat and overpainting fastness properties. 

EXAMPLE 123 
2-bromo-S-chloroacetylamino-1,4-benzoquinone I 

15 parts of 1,4-dimethoxy-2-bromo-5-chloroacetyl 
amino-benzene are stirred into 250 parts by volume of 
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glacial acetic acid at 20° C. 30 parts of dry sodium 
bichromate are added thereto within 15 minutes. The 
reaction mixture is then cooled, and 250 parts of cold 
water are added thereto, thereby precipitating the ?nal 
product which is then separated by ?ltration. The yield 
is about 40% of the theoretical one. The 2-bromo-5 
acetylamino-‘benzoquinone thus obtained is distinguished 
by fungicidal activity (M.P. 154.8°). 
The above-described starting material is ‘produced in 

a conventional manner by ?rst acetylating the amino 
group of 1,4-dimethoxy-2-amino-benzene and subsequently 
brominating the 5-position of the resulting intermediate. 

In an analogous manner, there are produced from the 
corresponding starting materials, the compounds falling 
under Formulas VII-A/ C supra, in which Cl is replaced 
by bromine and Y1, Y2 and R10 have the meaning given 
in Table VIII below. 

TABLE VIII 

Y Y2 M .P., ° C 

—CH2CH3 H H __________ _ _ 

--CHC12 H H 165 
-—C C13 H H 215 
—C5H11 H H 146 
—-O C2115 H H 93 
-—-O CwHzr H H 68-70 
—OH2Cl Br Br 210-215 
-—-CHC12 B1‘ B1‘ 215-217 
——C C13 B!‘ B!‘ 195-198 
--C5Hn Br Br 162-163 
-—OC:H5 BI‘ BI‘ 136-137 
—0 0101121 B!’ B1‘ __________ __ 

Fungicidal compositions according to the present in 
vention containing as active ingredients compounds of the 
Formulas VII-A/C but wherein at least one of the 
radicals Y and Y1 represents chlorine or bromine, have 
a fair to good fungicidal activity, against at least four 
to all of the eight fungi species listed hereinbefore. 

The compositions according to the invention are suit 
able for application in the most various ?elds. Because 
of their slight toxicity for warm blooded animals and 
almost complete lack of phytotoxicity in the normal con 
centrations for application, which vary between 0.1 to 
2% calculated on the active ingredient, the compositions 
are particularly suitable for plant protection. They are 
used to inhibit and repress the growth of fungi on plants, 
parts thereof, for the disinfection of the soil, as well as 
for the protection of organic material of all types from 
attack and decomposition by fungi. Their use in fruit 
cultivation is of particular importance. In addition they 
can be used as dry seed dressings as they have an ex 
cellent action, e.g. on Tilletia tritici, Fusarium culmorum 
and many other fungi and do not inhibit germination of 
the seeds treated. 
The compositions according to the invention are pro 

duced by thoroughly mixing or milling the active in 
gredients of the Formulas VII-A/ C with suitable carriers 
in a known manner, with the optional addition of ad 
hesives, dispersing agents or solvents which are inert to 
the active ingredients. The following forms for applica 
tion can be produced: dusts, strewing agents, granulates, 
wettable powders, pastes, emulsion concentrates, solu 
tions (spray and mist), smokes and aerosols. The con 
centration of active ingredient in these forms for applica 
tion is between 1 and 98%. 
To produce dusts and sprinkling agents, as well as 

granulates, the active ingredients are thoroughly mixed 
with solid carriers such as, e.g. talcum, kaolin, bole, 
loess, chalk, ground limestone, diatomaceous earth, mag 
nesium sulphate, ammonium sulphate, milled synthetic 
substances and fertilizers, in a concentration of 1-20%, 
calculated on the active ingredient. In order to attain a 
good distribution of the active substance on the carriers, 
it is necessary, particularly for granulates, to impregnate 
the carriers with melts or solutions of the active in 
gredient. For this purpose, particularly, easily volatile 
compounds such as hydrocarbons, their chlorinated de 
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rivatives, ketones, esters, etc. are used as solvents. To 
improve the stability to rain and wind, adhesives such 
as, solid or liquid sulphite waste liquor, polyvinyl pyrroli 
done, hydroxyethyl cellulose, etc. are added to the solid 
forms for application. To increase the stability to light, 
protective pigments, for example, are added. 

Wettable powders, pastes, emulsion concentrates are 
obtained by mixing the active ingredients and solid or 
liquid carriers together with capillary active substances 
such as wetting agents, dispersing agents, protective col 
loids and adhesives. 

Wetting agents used for these forms of application of 
the compositions according to the invention are the usual 
commercial products, e.g. alkali metal salts and alkaline 
earth metal salts of alkylaryl sulphonic acids such as, 
dibutylnaphthalene sulphonic acid, and salts of sulphated 
fatty alcohols, e.g. hexadecanols, octadecenols and octa 
decanols, as well as condensation products of ethylene 
oxide and mono- or di-alkyl phenols, the alkyl radicals 
of which contain 7 to 15 carbon atoms, e.g. dioctyl 
phenol and nonyl phenol condensates containing at least 
8 ethylene oxide groups, polyethylene glycols containing 
2:0—80 ethylene oxide groups; examples of adhesives are: 
pulverulent and liquid sulphite waste liquor, hydroxyethyl 
cellulose, polyvinyl pyrrolidone, highly viscous mineral 
oils, glue and synthetic substances; dispersing or emulsify 
ing ‘agents are: quaternary ammonium compounds hav 
ing lipophilic radicals, morpholine derivatives, alkali, 
ammonium, amine, and alkaline earth salts of sulpho 
fatty acid esters of medium to higher alkanols, sulphated 
higher alkyl alkanolamines having at least 8 carbon atoms 
in the higher alkyl radical, polyethylene glycol ethers of 
fatty alcohols (e.g. of hexadecanol, octadecenol and octa 
decanols) or of alkyl phenols (e.g. dioctyl phenol and 
nonyl phenol), polycondensation products of ethylene 
oxide with propylene oxide (20‘—80‘ alkylene oxide 
groups), sugar, and water soluble cellulose derivatives. 

For the wettable powders, the active ingredients, in the 
?nest distribution, are drawn with the additives mentioned 
onto solid carriers such as, e.g. talcum, kaolin, bole, loess, 
chalk, ground limestone, diatomaceous earth, milled syn 
thetic substances. These powders have a particle size of, 
for example, 20—40,u which is attained by repeated mill 
ing, mixing and sieving of the ?nished concentrates. For 
emulsion concentrates and pastes, in particular liquid car 
riers such as ‘water and organic solvents, e.g. alcohols, 
benzene, xylenes, toluenes, dimethyl sulphoxide, dimethyl 
fomamide, mineral oil fractions boiling in the range of 
120 to 180°, as well as liquid sulphite waste liquor, are 
used. In choosing the solvents, care should be taken that 
they have practically no smell, are not phytotoxic, are 
inert to the active ingredients, and are not easily com 
bustible. The active ingredients are so mixed, milled, 
sieved and strained with the additives mentioned that, for 
example, in pastes, the particle size of the solids is not 
more than 3”. 

In addition, these forms for application contain addi 
tives to increase the stability to rain and light as described 
for the dusts and sprinkling agents. Also, they contain 
additives which facilitate the adhesion to the substrate 
and thus facilitate the penetration into the substrate. Ex 
amples of such additives are vegetable, animal and min 
eral oils. 
The wettable powders, pastes and emulsion concen 

trates are diluted with water to the concentrations for 
practical application which are between 10.01 and 2%, 
calculated on the active ingredient. In the composition 
and concentrations for application described, the wettable 
powders have a good total suspension power which can 
be improved, e.g. by the addition of synthetic, voluminous 
silicic acid. The emusi?ability of the emulsion concen 
trates is also very good. 
The agents according to the invention are also used in 

the form of solutions or sprays. For this purpose, the 
active ingredient(s) of the general Formula I are dis 
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solved in suitable organic solvents, mixtures of solvents 
or in water. Higher aliphatic and aromatic hydrocarbons, 
their chlorinated derivatives, alkylnaphthalenes, or mix— 
tures thereof alone or with water are used as organic 
solvents. The solutions contain the active ingredients in a 
concentration of 1—20%. They are applied as sprays and 
mist with suitable apparatus under pressure. 

Aerosols are produced from solutions of the active 
ingredients by the addition of propellant gases which are 
suitable, in particular, for use indoors and in the garden. 
Both the solvent as well as the propellant gas can be the 
carrier for this form of application. Both the solutions 
as well as the aerosols'contain additives to improve the 
adhesive power, the stability to rain and light and vege 
table, animal and mineral oils to improve the adhesion 
and penetration power. 
The forms for application of the agents according to 

the invention can be mixed very well with other biocidally 
active compounds or agents which contain such com 
pounds. Thus, other biocidal active ingredients such as 
insecticides, other fungicides, bactericides, fungistatica, 
bacteriostatica or nematicides can be admixed to improve 
the range of action of the agents according to the inven 
tion. The agents according to the invention can also 
contain fertilizers, plant hormones etc. 
The following non-limitative examples illustrate the 

production of compositions according to the invention. 

EXAMPLE I 

2 parts of S-n-propoxycarbonyl-amino-2 - chloro - 1,4 
benzoquinone are milled with 98 parts of talcum. The 
dust so obtained can be used, for example, for the disin 
fection of soil in seed beds as well as for the dusting of 
plants and parts thereof such as bulbs or tubers. 

EXAMPLE II 

15 parts of 5-acetylamino-3,6-dibromo-2-chloro-1,4 
benzoequinone are milled with 10 parts of an adhesive, 
e.g-. a condensation product of ethylene oxide and nonyl 
phenol containing 8 to 12 ethylene oxide groups, and 75 
parts of talcum. A fungicidally active, non-toxic dust is 
obtained which can be used as a dry seed dressing. It does 
not in?uence germination. 

EXAMPLE III 

50 parts of 5-eth0xycarbonylamino - 3,6 - dibromo — 2 

chloro-1,4-benzoquinone in the ?nest distribution are 
mixed and milled in suitable apparatus with 1 part of the 
sodium salt of dibutylnaphthalene sulfonic acid, 4- parts 
of pulverised sulphite waste liquor, 1 part of 50% hy 
droxyethyl cellulose on Champagne chalk and 44 parts 
of Champagne chalk. A 50% wettable powder (calculated 
on the active ingredient) is obtained. Suspensions of any 
concentration desired can be produced therefrom by the 
addition of water. The wetting power of this powder is 
good and the total suspension power is 61%. 

EXAMPLE IV 

50 parts of 5-ethoxycarbonylamino~3,6-dibromo_2-chlo 
ro-l,4-benzoquinone in the ?nest distribution are mixed, 
milled and again mixed in suitable apparatus with 1 part 
of the sodium salt of dibutylnaphthalene sulfonic acid, 10 
parts of sul?te waste liquor (pulverised), 2 parts of 50% 
hydroxyethyl cellulose on Champagne chalk, 10 parts of 
synthetic voluminous silicic acid and 27 parts of Cham 
pagne chalk. A 50% wettable powder is obtained which 
has a better total suspension power (78%) than the 
wettable powder described in Example 111. 

EXAMPLE‘ V 

50 parts of 5~methoxycarbonylamino-3,6-dibromo~2— 
chloro-1,4—benzoquinone, 2 parts polyvinyl alcohol as 
adhesive, 10 parts of sulphite waste liquor (pulverised), 
16 parts of Champagne chalk, 20 parts of kaolin and 2 
parts of the sodium salt of dibutylnaphthalene sulfonic 
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acid as wetting agent, are milled, mixed and again milled j 
together. A 50% wettable powder is obtained which can 
be suspended with water to any desired concentration. 
The suspension obtained can be used in fruit plantations. . 

EXAMPLE VI 

On milling together 10 parts of 5-chloroacetylamino- I 
3,6-dibromo-2-chloro-1,4-benzoquinone and 82 parts of 
kaolin or chalk and mixing with 8 parts of wetting and 
dispersing agents, e.g. 8 parts of sulphite waste liquor 
(pulverised), a concentrate is obtained which, on mixing 
with water, produces a fungicidal spray which is excel 
lently suitable for the treatment of all parts of plants 
above the soil. 

EXAMPLE VII 

20 parts of 5-chloroacetylamino~3,6-dibromo-2-chloro~ 
1,4-benzoquinone are ?nely milled in a ball mill with 4 
parts of a polyvinyl pyrrolidone as dispersing agent and 
76 parts of water. The paste obtained is suspended in 
water and can be used for the combatting of fungi, par- r 
ticularly in fruit cultivation. 

EXAMPLE‘ VIII 

50 parts of 5-chloroacetylamino-2-chloro~1,4-benzo- I 
quinone are mixed with 10 parts of liquid sulphite waste 
liquor and 40 parts of water and the mixture is milled in 
a ball mill or passed through a rolling mill several times’ 
‘whereupon a 50% wettable paste is obtained the particle 
size of which is less than 3a. 0.1% to 0.5% suspensions of ' 
such pastes in water can be used to combat fungi, in 
particular in fruit cultivation. 

EXAMPLE IX 

10 parts of 5-hexanoylamino-3,6~dibromo-2-chloro-1,4-' 
benzoquinone are dissolved in 15 parts of dimethyl sulf-. 
oxide and 65 parts of cyclohexanone. 10‘ parts of sodium 
salt of dibutylnaphthalene sulfonic acid are mixed into 
this solution until homogeneity is attained. An.emulsi— 
?able solution is obtained lWhiCh can be diluted to any 
concentration desired. 

EXAMPLE X' 

10 parts of 5-(B-chloropropionylamino)-3,6-dibromo- I 
2-chloro-l,4-benzoquinone are dissolved in 80 parts of 
dimethyl formamide and 10 parts of the sodium salt of 
dibutylnaphthalene sulfonic acid are mixed into the solu- 1 
tion until ‘homogeneity is attained. In this way an emul— 
si?able solution is obtained ‘which can be diluted to any 
concentration desired. 

Fungicidal activity of the compounds of Formulas 
VII-A to —C, supra, was especially strong, as con?rmed 
by germination test on spores, 
of eight species of fungi: 

F usarium‘ culm., 
‘ Mucor spec., 

Penicillium spec., 
Stemphylium cons. - 

Alrernaria ten uis, 
Botrytis cinerea, 
Clasterosporizmz c., 
Conz'ozlzyvrium dipL, 

In this test a standard amount of a 1%- a 0.1% and 
a 0.01%- acetonic solution of the substance to betested 
for fungicidal activity was applied under identical condi 
tions to four Petri dishes containing nutrient medium of 
equal surface area. The solvent was evaporated and an 
uniform active coating of the active substance, on the 
nutrient base, ready for inoculation was thus obtained 
in each of the four dishes. Each dish was then inoculated 
‘with an equal amount of spores and the inoculated. 
dishes were kept at room temperature for a standard 
time of between 2 and 6 days in an atmosphere having 
a moisture content of above 90% (close to saturation). 
The germinated spores were then counted. Very good 
results were obtained, particularly with the following 
compounds which showed a 95% inhibition of germina 
tion in Bo/rytis cinema, Clasterosporium c. and Conio 

against at least three out. 
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tlzyrium dipL, when used in a concentration of only 
0.01%! 
2-chloro-S-carbethoxyamino-3,6-dibromo-1,4-benzo 

quinone 
2-chloro-S-carbomethoXyamino-3,6-dibr0mo-1,4-benzo 

quinone 
2-chloro-S-chloroacetamino-3,6-dibromo-1,4-benzo 

quinone. 
The following table shows the results of these tests. 

5 
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2. A method for combatting phytopathogenic fungi 
which comprises applying to an area of a substrate in 
fested with fungi of at least one of the species Botrytis 
cinerea and Cldsterosporium c., a fungicidally effective 
amount of a halogenated acylamino-1,4-benzoquinone of 
the formula 

Alt. Botr. Olast. Conioth. Fus. Muc. Penic. Stemph. 
Compound ten. cin. c. I dipl. culm. spec. spec. cons. 

2-chloro-acetylamino-5-bromo-1,4 
benzoquinone _____________________ .. 0 o o 0 o o o 0 

5-ehloroacetylaminofhchloroel,4 
benzoquinone. + + -F + 0 0 0 

2-acetylarnino~5 b . 

0 O O 0 0 0 0 2-acotylan1ino-5-chloro-1,4-benzo 
qninone __________________________ ._ o o 0 0 , o 0 0 o 

6-nonanoylamino-2-chloro-1,4-benzo 
quinone ___________________________ .. o + + 0 + o o 0 

2-chloroaeetylamino-3,5,6-tribromo 
1,4-benzoquinone __________________ __ o o 0 0 0 o o 0 

5-0hloracetylamino-3,6-dibr0mo-2 
chloroel,4-benzoquinone ........... __ ++ ++ ++ ++ + ++ ++ + 

2-acetylarnin0-3,5,6-tribromo-1, ben 
zoquinone _________________________ ._ o + + o o 0 o o 

5-acetylamino-3,G-dibromoQ-ehloro 
Ltbenzoquinone ------------------ -- + ++ ++ ++ ++ ++ + + 

5-n-propoxycarbonyl-amino-2-chloro 
1,4-benzoquinone _________________ ._ + + + + + + . + 

5-metl1oxycarb0nylamino‘3,6-dibrom0 
Z-chloro-lA-benzoquinone _________ __ ++ ++ ++ + + + ++ 

5—ethoxyearbonylamino-3,6-dibr0mo-2 
chlorod,4-benz0quinone ___________ -. + ++ ++ + -|- + + 

5-(?-chloropropionyl-amino)-3,6-di 
b1'on1o'2-ehlol'o-lA-benZoquinone.... + + + + + + + -| 

5-l1exanoylamino-3,G-dibromo-Z-chloro 
1 ,4-benzoquinone __________________ . . + o + o o + + 

5-(p~chlorobenzoylan1ino)-3,6~dibro 
mo-Z-ehloro-l,4-benzoquinone _____ __ + + + 0 0 0 o 

5-phenylacetylamino~3,6-dib1'0m0~2 
2-ch1oro-1,4-benz0quinone _________ _. + + + + + o 0 

The sign “+” in the foregoing table shows an at least 0 
90% inhibition of germination etfected by the residue [l 
of 1 com. of a 0.1% acetone solution of the active in- _ _ _ 

. . . Y1 NH CO R14 gredlent (\WhlCh concentration corresponds to 1.37 of ‘ ' 
active substance per square centimeter‘); “+-|-” shows X1__ _Y2 
an at least 90% inhibition of germination attained by 40 
the residue of 1 ccm. of a 0.01% acetone solution of (1) 
active ingredient. “o” signi?es an activity against the wherein 
respective fungi requiring a concentration of 1% or ' _ _ 

more of active ingredient in the used test solution and X1 18 a_membef _Se1e¢ted fronrme group Conslstmg of 
therefore generally insu?icient ‘for practical application. 45 chloflne, bromme, and ?lloflne, 
The concentration is given in percent calculated on the each of Y1 am} Y2 18 a fqembef selectfid from the 
Weight of the acetonic solution of the test compound. group coIlslstlng 0f bromlne and chlorine, and 
what is claimed is; R14-CO— 1s a member selected from the group con 
1_ A method for combatting phytopathogenic fungi, sistlng of unsubstltuted alkanoic acyl of ‘from 2 to 

which comprises applying to an area of a substrate in- 50 19 carbon atoms, 
tested with fungi of at least one of the species Botrytis mono to tr1-ch10r0-, mono- to trl-bromo- and mono to 
cinema and Clasterosporium 0., a fungicidally effective trl?uoro Substituted alkano1c acyl, of from 2 to 4 
amount of a halogenated acylamino-l,4-benzoquinone of carbon atoms, 
the formula phenyl-carbonyl, 

O 55 chloro-phenyl-carbonyl, 
|| lower alkyl-phenyl-carbonyl, and 

_ alkoxycarbonyl of from 2 to 13 carbon atoms. —NH CO—R13 . . 

| ‘ 3. The method of claim 1 wherein the halogenated 
X1 I acylamino benzoquinone has X1 as de?ned therein and 

60 R13—-CO— 1s unsubstituted alkanoic acyl of from 3 to 
g 10 carbon atoms. 

wherein 

X; is a member selected from the group consisting of 
chlorine, bromine and ?uorine, and 

R13—CO— is a member selected from the group con 
sisting unsubstituted alkanoic acyl of from 3 to 10 
carbon atoms, 

mono to tri-chloro-, mono- to tri-bromo- and mono to 
tri?uoro substituted alkanoic acyl of from 2 to 4 
carbon atoms, 

phenyl-carbonyl, 
chloro-phenyl-carbonyl, 
lower alkenyl-phenyl-carbonyl, and 
alkoxycarbonyl of from 2 to 13 carbon atoms. 75 

4. The method of claim 1 wherein the halogenated 
acylamino benzoquinone has X1 as de?ned therein and 
R13—-CO— is a mono- to tri-chloro-substituted alkanoic 
acyl of from 2 to 4 carbon atoms. 

5. The method of claim 1 wherein the halogenated 
acylamino benzoquinone has X1 as de?ned therein and 
R13—CO— is an alkoxycarbonyl of from 2 to 13 carbon 
atoms. 

6. The method of claim 1 wherein the halogenated 
acylamino benzoquinone has X1 as de?ned therein and 
R13—CO— is phenyl-carbonyl. 

7. The method of claim 1 wherein the halogenated 
acylamino benzoquinone has X1 as de?ned therein and 
R13——C/O— is a lower alkyl-phenyl-carbonyl. 
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8. The method of claim 2 wherein the halogenated 
acylamino benzoquinone has X1, Y1 and Y2 as de?ned 
therein and R14—CO—- is an unsubstituted alkanoie acyl 
of from 2 to 14 carbon atoms. 

9. The method of claim 2 wherein the halogenated 
acylamino benzoquinone has X1, Y1 and Y2 as de?ned 
therein and R14—CO— is a mono- to tri-chloro-sub 
stituted alkanoic acyl of from 2 to 4 carbon atoms. 

10. The method of claim 2 wherein the halogenated 
acylamino benzoquinone has X1, Y1 and Y2 as de?ned 10 
therein and R14—-CO- is phenyl-carbonyl. 

11. The method of claim 2 wherein the halogenated 
acylamino benzoquinone has X1, Y1 and Y2 as de?ned 
therein and -R14--CO—— is a lower alkyl-phenyl-carbonyl. 

12. The method of claim 2 wherein the halogenated 15 
acylamino benzoquinone has X1, Y1 and Y2 as de?ned 
therein and R14—-—CO-—' is an alkoxycarbonyl of from 
2 to 13 carbon atoms. 

13. The method of claim 1 wherein the halogenated >7 
acylamino benzoquinone has X1 as de?ned therein and 
R13—CO— is chlorophenyl-carbonyl. 

40 
14. The method of claim 2,whereimthe'halogenated 

acylaminobenzoquinone has X1, Y1 and ‘Y2 as de?ned 
therein and R14—CO-— is‘ chloro-phenyl-carbonyl. 
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